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continuities”  associated  with  aperiodic  upwelling  events.  Some  of 
these  have  associated  "chemical  fronts"  and  increased  biological 
activity.  Satellite  IR  imagery  was  used  to  locate  "discontinuities' 
and  with  in  situ  monitoring  the  development  of  three  features  were 
studied.  Interrelationships  between  sea  surface  temperature 
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nutrients  and  microplanktonic  biomass  were  investigated. 

Nutrient  ratios,  satellite  imagery,  wind  stress  data  and  corre¬ 
lations  between  nutrients  and  temperature  were  used  to  develop 
an  estimate  of  "age"  within  a  simplified  upwelling  "life  cycle" 
model . 

The  features  range  in  scale  from  tens  to  hundreds  of 
kilometers.  Two  upwelling  features  exhibited  very  strong  corre¬ 
lations  between  nutrient  and  temperature  but  a  third  feature  had 
considerable  nutrient  variability.  This  suggests  a  considerable 
impact  from  the  dynamic  and  biological  processes.  The  technique 
of  coupling  satellite  imagery  and  in  situ  monitoring  was  found  to 
be  a  feasible  method  to  provide  real  time  inferences  of  the 
nutrient  structure  associated  with  an  upwelled  thermal  feature. 
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ABSTRACT 


Satellite  IR  images  of  the  California  coast  off  Point 
Sur  reveal  recurrent  surface  features  which  appear  to  be 
"thermal  discontinuities"  associated  with  aperiodic  upwell- 
ing  events.  Some  of  these  have  associated  "chemical  fronts" 
and  increased  biological  activity.  Satellite  IR  imagery  was 
used  to  locate  "discontinuities"  and  with  iji  situ  monitoring 
the  development  of  three  features  were  studied.  Interrela¬ 
tionships  between  sea  surface  temperature,  nutrients  and 
microplanktonic  biomass  were  investigated.  Nutrient  ratios, 
satellite  imagery,  wind  stress  data  and  correlations  between 
nutrients  and  temperature  were  used  to  develop  an  estimate 
of  "age"  within  a  simplified  upwelling  "life  cycle"  model. 

The  features  range  in  scale  from  tens  to  hundreds  of 
kilometers.  Two  upwelling  features  exhibited  very  strong 
correlations  between  nutrient  and  temperature  but  a  third 
feature  had  considerable  nutrient  variability.  This  suggests 
a  considerable  impact  from  the  dynamic  and  biological 
processes.  The  technique  of  coupling  satellite  imagery  and 
in  situ  monitoring  was  found  to  be  a  feasible  method  to 
provide  real  time  inferences  of  the  nutrient  structure 
associated  with  an  upwelled  thermal  feature. 
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I .  INTRODUCTION 


In  this  thesis  satellite  thermal  imagery  and  ^  situ 
automated  biochemical  analyses  were  combined  to  study  inter¬ 
relationships  o£  sea  surface  temperatures,  nitrate,  phosphate 
and  biological  activity  in  oceanic  fronts. 

An  oceanic  front  is  a  region  of  transition  between  two 
oceanic  regimes  with  different  characteristics  (Cheney,  1976)  . 
These  characteristics  can  be  temperature,  salinity,  chemical 
or  biological  quantities. 

In  situ  automated  biochemical  and  thermal  analyses  of 
surface  waters  were  previously  accomplished  by  others,  par¬ 
ticularly  Kelly,  et  al.  (1975).  However,  they  were  not 
linked  to  satellite  infrared  imagery.  Due  to  the  marginal 
quality  of  satellite-derived  results,  oceanographers  have 
largely  either  ignored  them  or  have  not  been  convinced  that 
they  could  be  integrated  usefully  with  classical  oceano¬ 
graphic  observations  (Legeckis,  1978).  More  sophisticated 
satellites  and  sensors,  such  as  the  TIROS  (Television  Infra¬ 
red  Observation  Satellites)  series  and  the  Advanced  Very 
High  Resolution  Radiometer  (A\'HRR)  have  made  it  possible 
to  make  useful  inferences  in  areas  of  the  ocean  that  are 
classically  associated  with  sea  surface  temperature  anomalies. 
The  region  of  interest  in  this  study  is  off  the  central 
California  coast,  where  "oceanic  fronts"  and  "eddies"  appear 
to  form  in  response  to  wind  driven  pulses  of  cold  upwelled 
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coastal  waters.  The  existence  of  "chemical  fronts"  in 
association  with  these  features  was  postulated  in  1978  by 
Traganza  (1978)  and  demonstrated  in  1978  by  Traganza  et  al. 
(1980)  . 

Continued  study  of  these  frontal  systems  may  be  particu¬ 
larly  relevant  to  the  interests  of  the  Navy  in  view  of  their 
potential  effect  on  the  propagation  of  sound  energy  and  the 
capability  of  sensors  to  distinguish  significant  sound 
signals  from  the  background  noises  in  the  ocean.  Sound 
velocity  changes  across  thermal  fronts,  coupled  with  changes 
in  nutrient  concentrations  that  lead  to  increased  biological 
activity,  may  degrade  both  active  and  passive  sonar  perform¬ 
ance  through  changes  in  sound  propagation  loss,  increased 
biological  reverberation  levels  and  background  noise  levels. 


I I .  THEORY 


A.  UPWELLING 

Coastal  upwelling  is  caused  by  the  divergence  of  surface 
water  away  from  the  coast.  Cold  water  rises  from  subsurface 
layers  to  replace  this  water.  When  the  pycnocline  surfaces, 
relatively  nutrient-rich  water  ^hich  has  been  trapped  below 
the  pycnocline  due  to  density  differences)  will  upwell  and 
enrich  the  surface  waters.  In  the  California  coastal  area 
this  water  is  generally  derived  from  a  depth  no  greater  than 
200  meters  offshore  (Fairbridge,  1966;  Sverdrup,  et  al . ,  1942). 
In  the  Northern  Hemisphere  coastal  upwelling  can  be  caused 
by  the  northerly  wind  stress  prevailing  in  spring  and  summer 
along  the  western  continental  coasts.  These  prevailing  winds 
may  vary  seasonally  off  the  California  coast  as  the  North 
Pacific  subtropical  high  moves  north  during  the  spring  and 
summer,  then  south  during  the  autumn  and  winter  (Bakun,  1973). 
Upwelling  can  also  be  caused  by  currents  impinging  on  land 
masses  (Fairbridge,  1966)  or  winds  blowing  directly  away 
from  shore. 

The  circulation  patterns  vary  with  the  width  and  form 
of  the  continental  shelf  and  slope,  the  wind  speed,  duration, 
fetch  and  latitude.  The  characteristics  of  upwelled  water 
may  vary  depending  on  the  depth  from  which  the  water  came, 
the  properties  of  the  source  water,  the  characteristic 
vertical  velocity,  and  the  residence  time  of  the  upwelled 


water  in  the  euphotic  zone  (SCOR  Working  Group,  1974).  The 
proximity  of  the  heads  of  xinderwater  canyons  enhances  the 
intensity  of  the  upwelling,  (SCOR  Working  Group,  1974; 
Codispoti,  1977;  Treguer,  1977).  Therefore,  upwelling  can 
vary  from  region  to  region  and  season  to  season  (Codispoti 
et  al.,  1979;  Barton  et  al . ,  1977). 

B.  SATELLITE  IMAGERY 

Infrared  (IR)  images  of  the  sea  surface  temperatures 
were  received  from  the  TIROS-N  series  satellites  using  an 
Advanced  Very  High  Resolution  Radiometer  (AVHRR) .  The 
measured  quantity  is  the  sea  surface  radiance  which  is  con¬ 
verted  to  an  equivalent  blackbody  temperature.  Correction 
factors  are  applied  to  account  for  atmospheric  attenuation 
and  radiation  from  atmospheric  gases. 

The  infrared  detectors  have  a  temperature  response  from 
approximately  -113®  to  +47®C  (Brower  et  al.,  1976).  This 
is  displayed  in  gray  tones  on  photographic  film,  where  the 
darker  shades  represent  higher  temperatures.  Since  the 
ocean  temperature  range  is  considerably  smaller  than  the 
detector's  range  it  is  possible,  through  the  technique  of 
"image  enhancement,"  to  assign  the  available  gray  shades 
to  this  narrower  range.  This  allows  finer  resolution  of 
the  gray  shades  that  represent  the  oceanic  temperature 
structure  and  will  better  distinguish  thermal  features. 

Cloud  cover  is  often  difficult  to  distinguish  in  infra¬ 
red  images.  In  this  case  a  comparison  between  the  visual 
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and  infrared  image  can  often  resolve  the  ambiguity.  If 
not,  comparison,  over  a  period  of  several  days  will  high¬ 
light  sea  surface  temperature  (SST)  fronts  because  of  the 
time  scale  difference  between  ocean  features  and  cloud 
formations . 

C.  NUTRIENTS  (NITROGEN  AND  PHOSPHORUS) 

Nitrogen,  as  reactive  dissolved  inorganic  nitrate,  and 
phosphorus,  as  reactive  dissolved  inorganic  phosphate,  were 
studied.  Both  elements  are  essential  components  of  all 
living  cells  and  are  present  in  phytoplankton  in  a  ratio 
approaching  16N:1P  (Redfield,  1958).  As  a  result  of  decom¬ 
position  and  respiration  nitrate  and  phosphate  are  released 
into  deep  ocean  waters.  These  deep  ocean  waters  also  have 
a  ratio  approaching  16N:1P.  This  is  or  can  be  represented 
by  the  statistical-stoichiometric  model  developed  by 
Richards  (1965),  viz., 

(CH2O)j06  ^^^3^6  “3^°4  03^106  CO2  +  122  H2O 

' - 1 - '  +  16  HNO,  +  H,PO- 

I - ^ - i — J 

Organic  Matter  Nutrients 


The  distribution  of  nutrients  in  the  ocean  is  dependent 
upon  biological  processes  (regeneration,  utilization)  and 
physical  processes  (sinking  and  upwelling,  horizontal  advec 
tion,  diffusion  and  mixing).  These  processes,  individually 
or  collectively,  plus  differences  in  their  rates  cause  the 
concentrations  to  vary  temporally  and  spatially.  Therefore 
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the  ratio  of  nitrate  to  phosphate  is  not  very  often  16:1  in 
ocean  surface  waters  (Banse,  1974), 


III.  METHODS 


A.  NUTRIENTS 

Surface  nutrient  concentrations  were  determined  approxi¬ 
mately  every  0.6  km  except  for  the  13  June  Cruise  Leg  3 
when  engine  problems  caused  speed  adjustments.  Seawater 
samples  were  pumped  from  a  keel  intake  at  2.5m  to  the  ship¬ 
board  laboratory.  Nitrate  and  phosphate  were  analyzed 
every  two  minutes  according  to  the  Technicon  Autoanalyzer 
Industrial  Method  17S-72-WM,  177-72-WM  (Anonymous,  1973) 
and  100-70-WM  (Anonymous,  1978).  Here  nitrate  may  include 
traces  of  in  situ  nitrite,  since  the  nitrate  is  reduced  to 
nitrite  before  measurements.  However,  according  to  Paulson 
(1972)  there  is  little  or  no  interference  from  surface 
nitrate  in  this  area. 

B.  SATELLITE  IMAGERY 

The  pre-cruise  procedure  was  initiated  approximately 
2-3  weeks  prior  to  the  estimated  departure  time.  Mr.  Breaker 
of  the  National  Environmental  Satellite  Service  (NESS)  at 
Redwood  City,  California,  monitored  and  enhanced  images  from 
the  TIROS-N  satellite  series.  Several  days  prior  to  the 
cruise,  the  day  of  the  cruise  and  sometimes  during  the  cruise 
updated  satellite  information  was  passed  via  telephone. 
Information,  re  IR  inferred  thermal  features,  such  as  ori¬ 
entation,  approximate  center,  size,  and  spatial  relationship 


17 


relative  to  prominent  landmarks  proved  invaluable  in  locat¬ 
ing  features  and  planning  sampling  strategy.  Additionally, 
the  direction  of  a  feature's  general  movement  and  large- 
scale  changes  in  shape  may  be  inferred  by  viewing  a  time 
sequence  of  images. 

C.  COMPUTATIONS 

A  linear  regression  analysis  was  performed  and  mean 
values  were  calculated  for  nitrate,  phosphate  and  tempera¬ 
ture  using  the  NORLSQ  library  subroutine  at  the  W.  R.  Church 
Computer  Center  of  the  Naval  Postgraduate  School. 

Correlation  coefficients  for  nitrate  to  phosphate, 
nitrate  to  temperature  and  phosphate  to  temperature  were 
obtained  utilizing  the  correlation  coefficient  equation: 

r  -  z(X.-7)CY.-Y)/([e(X.-'X)2][z(Y.-7)2])* 

Zero  values  of  nitrate  and  phosphate  occurred  when  taking 
reference  baselines  or  calibrating  standards,  or  when  a 
nitrate  "none  detected"  condition  occurred  due  to  concentra¬ 
tions  below  the  sensitivity  of  the  instrument.  When  grossly 
anomalous  values  occurred,  the  nutrient  and  temperature  data 
for  that  time  increment  were  not  used  in  the  calculations. 

(Statistical  computations  for  the  wind  stress,  adenosine 
triphosphate  (ATP) ,  and  chlorophyll  biomass  will  be  discussed 
in  a  related  thesis.) 


D.  CHLOROPHYLL 


Fluorescence  was  recorded  continuously  using  a  Turner 
Model  111  fluorometer  as  described  by  Lorenzen  (1966). 

Discrete  samples,  taken  every  30  minutes,  were  used  to 
calibrate  and  convert  fluorescence  to  chlorophyll  a  concen¬ 
tration.  The  discrete  chlorophyll  samples  were  analyzed 
using  the  method  of  Strickland  and  Parsons  (1968) .  These 
samples  were  filtered  through  a  Whatman  4.5  cm  G/FC  glass 
fiber  filter.  For  comparison  with  ATP,  chlorophyll  concen¬ 
trations  were  converted  to  carbon  units  (mg/1)  by  using  the 
average  conversion  factor  (100)  proposed  by  Holm-Hansen 
(1969)  . 

E.  ATP 

Adenosine  triphosphate  was  sampled  every  10  minutes  or 
approximately  every  3  km  over  most  of  the  cruise  tracks. 

Each  50  ml  sample  was  filtered  through  a  200 -um  nylon 
screen,  then  through  a  0.45-iim  glass  filter.  The  method  of 
Holm-Hansen  and  Karl  (1976)  was  used  for  ATP  analysis.  For 
comparison  with  chlorophyll,  ATP  concentrations  were  con¬ 
verted  to  carbon  units  (mg/1)  by  using  the  average  conversion 
factor  (250)  proposed  by  Holm-Hansen  (1969). 

F.  TEMPERATURE 

Sea  surface  temperature  was  recorded  continuously  from 
a  thermistor  located  at  approximately  2.5m  depth  coincident 
,  to  the  sea  water  intake.  Sea  surface  temperature  was  also 
measured  by  bucket  thermometer  every  20  minutes  simultaneously 
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with  the  release  of  a  Sippican  expendable  bathythermograph 
probe  (XBT) .  The  bucket  thermometer  readings  differed  by 
a  maximum  of  t0.5“C  with  respect  to  the  continuous  samples 
and  by  a  maximum  of  t0.6®C  with  respect  to  the  XBT  tempera¬ 
tures.  When  these  deviations  exceeded  ^0.3“C  they  were 
adjusted  to  the  bucket  thermometer  readings. 

In  Figures  8  and  21  the  XBT  data  are  plotted  as  isotherms 
in  vertical  sections  along  the  cruise  tracks  for  the 
30  April  and  7  August  cruises.  A  contour  interval  of  O.S®C 
was  used. 

G.  WIND 

Wind  effects  were  calculated  from  the  Fleet  Numerical 
Oceanography  Center's  (FNOC)  Data  Base  using  the  so-called 
Field  By  Information  Blending  (FIB)  routine  for  grid  position 
36®N  X  122®W,  which  is  in  the  vicinity  of  the  Point  Sur 
coastal  region.  Computer  programs  developed  by  Mr.  Andrew 
Bakun  of  the  National  Marine  Fisheries  Service  (Bakun,  1973) 
produced  an  output  consisting  of  six  hour  values  for  the 
wind  vector,  wind  stress  magnitude,  Ekman  transport  vector, 
upwelling  index  (the  Ekman  vector  component  normal  to  the 
coastline)  and  vertical  velocity  (Appendix  B) .  A  minimum 
of  12  days  of  data  prior  to  and  after  each  cruise  was 
selected  for  analysis. 


IV.  RESULTS 


A.  30  APRIL  CRUISE 

Satellite  IR  imagery  indicated  a  cyclonic  thermal 
feature  had  developed  off  Pt.  Sur,  California,  on  19  April 
1979  (Plate  1).  It  appeared  to  be  forming  as  a  seaward 
extension  of  coastally  upwelled  water.  By  29  April  it 
appeared  to  have  persisted  as  a  plume-like  feature  with  a 
cyclonic  swirl  (Plate  2) .  Through  the  use  of  temperature 
and  nutrient  sampling,  referenced  to  the  satellite  imagery, 
the  central  area  was  found  on  the  first  transect  and  re¬ 
located  on  each  subsequent  transect  (Fig.  1). 

Temperature,  nitrate  and  phosphate  are  plotted  against 
elapsed  distance  from  36*39. I’N  x  121*58. 6’W  (Fig.  2).  The 
feature  is  evident  in  the  gradients  of  nitrate,  phosphate 
and  temperature. 

Correlation  coefficients  of  r  *  0.98  for  nitrate  to 
phosphate,  r  »  -0,94  for  phosphate  to  temperature,  and 
r  »  -0.96  for  nitrate  to  temperature  were  obtained  (Table  I). 
Nutrient  ratio  (N/P)  and  temperature  when  plotted  against 
elapsed  distance  (Fig.  4)  also  exhibit  a  strong  negative 
correlation  with  respect  to  each  other;  as  is  to  be  expected. 

Based  on  the  temperature  minima  and  nutrient  maxima  the 
central  area  of  the  feature  appeared  at  approximately  65  km 
(Leg  1) ,  220  km  (Leg  2)  and  300  km  (Leg  3) .  The  other  cold 
water  areas  at  approximately  165  km  (Leg  2)  and  beyond  335  km’ 
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Fig.  1. 


Track  of  the  30  April  Cruise  (solid  line)  and 
of  the  Upwelling  Feature  (dashed  line)  based  on 
Satellite  IR  Imagery,  Sea  Surface  Temperature  and 
Nutrient  Data. 
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4.  Nutrient  Ratio  and  Sea  Surface  Temperature  Versus 
Elapsed  Distance  along  the  Track  of  the  30  April 
Cruise.  Note  the  tendency  for  inverse  correla¬ 
tion  between  temperature  and  nutrient  ratio. 
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(Leg  3)  occurred  when  the  ship's  track  extended  into  the 
near-shore  upwelling  region.  Sharp  chemical  and  thermal 
gradients  or  "fronts"  are  evident  on  all  legs. 

The  linear  regression  analysis  of  nitrate  versus 
phosphate,  nitrate  versus  temperature  and  phosphate  versus 
temperature  (Figs.  5,  6,  7)  yielded  slopes  of  15.10,  -6.48 
and  -0.43  respectively  and  x-axis  intercepts  of  0.48  yM, 
12.99“C  and  14.11°C  respectively  (Table  I). 

Figure  8  gives  some  idea  of  the  vertical  structure  of 
the  upwelled  feature.  The  thermal  feature  is  evident  from 
elapsed  distance  64.0  through  81.6  km,  206.2  through  213  km 
and  312.4  through  323.4  km  (where  the  11.0“C  isotherm 
surfaces) .  Coastal  upwelling  is  evident  from  elapsed 
distance  163.7  through  171.4  km  and  329.3  through  353.8  km. 

B.  13  JUNE  CRUISE 

On  13  June  1979,  Mr.  Laurence  Breaker  (NESS,  Redwood 
City)  gave  approximate  coordinates  and  adjacent  shore 
features  of  a  coastal  upwelling  event  off  Point  Sur,  with 
"plume-like"  characteristics  (Plate  3) .  The  ACANIA  sailed 
south  parallel  to  the  shore  until  the  northern  and  southern 
theTmal  and  nutrient  gradients  were  transected.  North- 
south  legs  were  to  be  repeated  westward  in  a  ladder-like 
fashion  until  the  seaward  termination  of  the  plume  was 
found.  However,  the  cruise  was  terminated  (after  only 
ten  hours)  due  to  a  clogged  sampling  port. 
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Sea  surface  temperature,  nutrient,  ATP  and  chlorophyll 
data  were  collected  along  one  and  one-half  transects  of  the 
feature  as  shown  in  Fig.  9.  The  elapsed  distances  are  from 
point  36®36.3'N  x  121'*S8.7’W. 

Based  on  the  distributions  of  temperature,  nitrate  and 
phosphate  (Fig.  10)  the  upwelling  area  was  encountered  at 
approximately  15  km  along  the  track.  Nitrate  and  phosphate 
values  were  high  (up  to  12.1  uM  and  1.23  wM  respectively) 
until  the  southern  frontal  boundary  was  reached.  In  the 
oceanic  water,  at  approximately  50  km,  nitrate  and  phosphate 
concentrations  were  low  (0.55  to  3.8  pM  and  0.33  to  0.65  uM, 
respectively) .  To  the  north,  the  frontal  southern  boundary 
was  again  encountered  at  approximately  60  km  along  the 
track.  Throughout,  there  was  a  strong  correlation  (r  =  0.93) 
between  nitrate  and  phosphate,  a  strong  inverse  correlation 
between  nitrate  and  temperature  (r  «  -0.92)  and  a  strong 
inverse  correlation  between  temperature  and  phosphate 
(r  *  -0.93) . 

The  chlorophyll  data  are  unreliable  after  an  elapsed 
distance  of  40  km,  because  of  excessive  air  injection  into 
the  sea  chest  during  rough  seas.  Additionally,  the  XBT 
recorder  was  inoperative  during  this  cruise. 

C.  7  AUGUST  CRUISE 

The  satellite  image  of  30  July  1979  (Plate  4)  shows  a 
cold  water  plume  extending  approximately  150  km  southwest 
from  Point  Sur.  Mr.  Laurence  Breaker  (NESS,  Redwood  City) 
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Plate  3.  TIROS-N  Satellite  IR  Image  of  the  California 
Coast,  13  June  1979. 
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Track  of  the  13  June  Cruise  (solid  line)  and 
Outline  of  the  Upwelling  Feature  (dashed  line) 
Based  on  Satellite  Imagery,  Sea  Surface 
Temperature  and  Nutrient  Data. 
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Fig.  10.  Nitrate,  Phosphate,  Nutrient  Ratio,  ATP, 

Chlorophyll  a,  and  Sea  Surface  Temperature 
Versus  Elapsed  Distance  along  the  Track  of 
the  13  June  Cruise. 
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reported  the  feature  had  continued  to  extend  southwest. 

By  5  August  1979  the  feature  had  extended  approximately 
240  km  southwest  of  Point  Sur  (Plate  5) .  Sea  surface 
temperatures  were  expected  to  be  within  approximately 
14  to  15°C  inside  the  plume  and  greater  than  17°C  outside 
the  plume  based  on  ship  reports  correlated  to  the  satellite 
image  by  Mr.  Breaker. 

The  cruise  plan  was  similar  to  the  30  April  and 
13  June  cruises  except,  in  this  case,  the  primary  interest 
was  the  water  near  the  seaward  termination  of  the  feature. 
The  track  strategy  was  planned  to  coincide  with  the  axis 
of  the  feature;  when  applicable,  turn  south  to  transect  its 
southern  boundary,  zigzag  across  its  southern  boundary, 
then  run  back  up  the  axis  upon  return.  Due  to  limited 
sampling  resources,  ATP  sampling  did  not  commence  until  the 
southern  boundary  was  reached. 

The  cruise  track  is  shown  in  Fig.  14.  Legs  2  through  5 
intersected  the  feature's  southern  boundary.  Elapsed 
distances  are  measured  from  position  36°38.8'N  x  121°57.S'W. 

Figure  15  is  the  line  graph  of  temperature,  nitrate  and 
phosphate  along  the  cruise  track.  The  nutrient  lines  are 
discontinuous  from  160  to  200  km,  275-295  km  and  325-355  km 
because  the  Autoanalyzer  was  secured  for  cleaning.  When 
there  is  a  phosphate  line  but  no  line  for  nitrate,  nitrate 
concentrations  were  so  low  that  they  were  below  the  sensi¬ 
tivity  of  the  instrument.  However,  in  all  cases  the  frontal 
crossings  are  clearly  evident  in  the  temperature  lines. 


Frontal  crossings  occurred  at  approximately  260,  325,  360 
and  385  km  on  Legs  2  through  5.  The  line  graphs  for  Legs  1 
and  6  are  generally  within  a  temperature  range  of  14  to  16“C 
indicating  that  the  ACANIA  was  within  the  plume. 

The  correlation  coefficients  were  r  =  0.42  for  nitrate 
versus  phosphate,  r  =  -0.11  for  nitrate  versus  temperature, 
and  r  =  -0.39  for  phosphate  versus  temperature.  Linear 
regression  analysis  yielded  slopes  of  26.44,  -13.63  and 
-0.32  and  x-axis  intercepts  of  0.61  uM  phosphate,  15.35®C 
and  17.56®C  for  Figs.  18,  19,  and  20,  respectively  (Table  I) 

The  thermal  feature  is  evident  in  the  vertical  cross 
section  of  temperature  (Fig.  21)  and  gives  some  idea  of  the 
vertical  structure  of  the  feature.  The  transition  between 
plume  water  and  oceanic  water  is  located  between  elapsed 
distances  249.5  through  263.1  km,  274.8  through  285.9  km, 
and  305.2  through  336.0  km  (where  the  15.5®C  isotherm  rises 
toward  the  surface).  The  15.5®C  isotherm  is  30  to  40  meters 
deep  outside  the  plume  and  inside  it  rises  toward  the 
surface.  The  thermal  patchiness,  evident  in  the  satellite 
IR  imagery,  is  seen  in  both  the  temperature  cross  section 
and  the  surface  temperature  line  graphs. 
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Plate  4.  TIROS-N  Satellite  IR  Image  of  the  California 
Coast,  30  July  1979. 
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Plate  5.  TIROS-N  Satellite  IR  Image  of  the  Californi 
Coast,  5  August  1979. 
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Nutrient  Ratio  and  Sea  Surface  Temperature 
Versus  Elapsed  Distance  Along  the  Track  of 
the  7  August  Cruise  Track. 
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Fig.  iS).  Nitrate  Versus  Temperature  for  the  7  August 
Cruise . 


49 


Fig.  20.  Phosphate  Versus  Temperature  for  the  7  August 
Cruise . 
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V.  DISCUSSION 


A  better  understanding  of  the ’’life  cycle"  of  an  up- 
welling  event  may  be  provided  through  the  integration  of 
satellite  IR  imagery  and  iji  situ  sampling.  This  approach 
leads  to  a  descriptive  "phase"  model  of  the  formation  and 
dissipation  of  an  upwelling  chemical  system  and  some 
insight  on  the  interaction  of  dynamic  and  biological 
processes  in  the  system.  This  thesis  analyzes  results 
obtained  while  using  this  integrated  technique  to  investi¬ 
gate  three  upwelling  events. 

An  upwelling  event,  like  many  physical  phenomena,  may 
be  described  in  terms  of  phases:  initiation,  growth, 
equilibrium,  decay  and  dissipation.  Each  phase  is  a 
function  of  the  magnitude  and  rate  of  change  of  the  dynamic 
processes  (mixing,  adve».‘:ion,  diffusion)  and  the  boundary 
conditions  (atmospheric  forcing;  topography  and  bathymetry). 
The  chemical  characteristics  of  any  phase  of  an  upwelling 
event  are  a  function  of  the  initial  conditions  (source 
water);  the  magnitude,  direction,  and  duration  of  the  driving 
function  (wind  stress);  and  the  differential  utilization  and 
regeneration  by  biological  processes. 

The  satellite  imagery  prior  to  all  cruises  show  "plumes" 
of  colder  water  extending  from  the  coast  near  Point  Sur. 

These  features  range  in  scale  from  tens  of  kilometers  to 
several  hundred  kilometers  in  length.  Analysis  of  in  situ 


surface  nutrient  concentrations,  summarized  in  Tables  I  and 
II,  the  surface  winds  in  the  area  prior  to  and  during  the 
cruises  (Appendix  B) ,  sea  surface  temperatures,  satellite 
IR  imagery  and  bathymetry  strongly  argue  that 
these  satellite  detected  thermal  plumes  were  caused  by  up- 
welling  events.  That  nutrient  concentrations  may  closely 
follow  the  pattern  of  the  satellite  thermal  imagery  of  the 
sea  surface  was  shown  by  Traganza  et  al.  (1980).  These 
upwellings  of  cold  nutrient-rich  waters  produce  chemical 
and  thermal  fronts  which  appear  to  have  associated  with 
them  increased  biological  activity. 

The  feature  examined  during  the  30  April  Cruise  is 
postulated  to  be  composed  of  recently  upwelled  water. 

Figure  2  shows  very  sharp  chemical  (up  to  ) 

and  thermal  (up  to  0.9®C/2.3  km)  gradients.  The  range  of 
nutrient  ratio  values  are  0.6N:1P  (lowest  value,  outside 
the  feature)  and  11.7N:1P  (maximum  level,  inside  the  feature) 
The  graph  of  nutrient  ratio  (Fig.  4)  against  elapsed  distance 
along  the  track  shows  that  the  concentrations  of  high  values 
are  either  within  the  area  of  the  feature  or  the  coastal 
upwelling.  The  low  values  of  temperature  (below  12®C)  and 
the  high  concentrations  of  nitrate  and  phosphate  (up  to 
12.1  yM  and  1.29  yM,  respectively)  are  all  either  within  the 
feature  or  the  coastal  upwelling  (Fig.  10).  There  are  strong 
correlations  between  nitrate  and  phosphate  (r  =  0.98), 
nitrate  and  temperature  (r  =  0.96),  and  phosphate  and  tempera 
ture  (r  »  -0.94).  Analysis  of  the  wind  data  prior  to  the 


cruise  shows  that  favorable  upwelling  conditions  occurred 
during  the  periods  9  to  20  April  and  28  April  to  4  May 
(Appendix  B) .  All  these  factors,  plus  the  lower  tempera¬ 
tures  indicated  by  the  satellite  IR  imagery  are  taken  to 
describe  a  feature  of  recently  upwelled  water  in  the  early 
phases  of  its  life  cycle. 

The  13  June  Cruise  examined  a  feature  that  is  close 
inshore  (Plate  3) .  Wind  data  (Appendix  B)  shows  favorable 
upwelling  conditions  commenced  only  three  days  prior  to 
cruise.  The  waters  outside  the  feature  are  about  14®C  but 
inside  the  feature  temperatures  fall  below  12“C.  All  high 
concentrations  of  nutrients  are  within  the  feature,  as  are 
all  high  nutrient  ratios.  There  are  strong  correlations 
between  nitrate  and  phosphate  (r  *  0.93),  nitrate  and 
temperature  (r  =  -0.92),  and  phosphate  and  temperature 
(r  =  -0.93)  (Figs.  11,  12  and  13).  This  feature  is  recently 
upwelled  water  and  is  postulated  to  be  in  the  early  phases 
of  the  upwelling  event  "life  cycle." 

The  waters  examined  in  these  two  cruises  still  have  very 
strong  source  water  (thermal  and  nutrient)  signatures.  The 
dynamic  and  biological  processes  have  not  had  sufficient  time 
to  change  the  upwelled  water's  initial  characteristics.  Along 
the  frontal  boundaries,  the  biological  processes  become 
evident  (Figs.  3  and  10).  The  dynamic  processes  appear  to 
have  provided  the  necessary  environment  for  biological 
acitivity , 
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The  data  from  the  7  August  Cruise  were  gathered  predomi¬ 
nantly  from  within  the  feature  (Fig.  14) .  In  comparison  to 
the  previous  cruises,  this  resulted  in  a  considerably 
smaller  proportion  of  data  points  being  collected  outside 
the  feature.  A  statistically  insufficient  number  of  samples 
were  obtained  in  the  low  nutrient  concentration,  high  tempera¬ 
ture  region.  In  comparison  to  the  previous  cruises  the 
analysis  is  biased  as  follows:  mean  nutrient  concentrations 
are  high;  mean  temperature  is  low;  the  slopes  of  nitrate  to 
phosphate,  nitrate  to  temperature,  and  phosphate  to  tempera¬ 
ture  are  too  high,  and  the  respective  x-axis  intercepts  are 
too  low. 

The  feature  observed  on  the  7  August  Cruise  appears  to 
contain  upwelled  water  that  is  in  various  phases  of  the  up- 
welling  cycle.  At  50  km  elapsed  distance  water  temperature 
was  below  13°C  with  rapidly  increasing  nutrient  ratios. 
Sampling  was  interrupted  to  clean  the  Autoanalyzer  but  con¬ 
centrations  were  approaching  levels  consistent  with  the 
previous  cruises  (nutrient  ratios  above  lONrlP) .  This  area 
of  the  feature  contains  water  that  has  source  water  charac¬ 
teristics  and  may  be  assumed  to  be  in  the  early  phases. 

At  75  km  elapsed  distance,  while  still  within  the  feature, 
temperature  was  approximately  14°C  and  nutrients  had  fallen, 
but  not  to  the  "outside-the-features-levels"  of  the  previous 
cruises.  This  area  might  be  considered  to  be  close  to 
equilibrium.  The  water  was  still  relatively  cold  and 
nutrient-rich  but  no  longer  similar  to  the  source  water;  the 


dynamic  and  biological  processes  apparently  had  started  to 
modify  it.  The  temperature  then  rose  to  the  15.0°  to  15.S°C 
range  and  while  nutrients  still  generally  decreased  with 
increasing  temperature,  they  showed  considerable  variability. 
This  area  can  be  characterized  as  in  the  decay  phase.  The 
dynamic  and  biological  processes  continued  to  change  the 
temperature  and  nutrient  characteristics. 

Once  outside  the  feature,  temperatures  rose  sharply  to 
levels  of  17.5°C  and  nutrients  correspondingly  fell.  As  the 
track  moved  west  (Fig.  15)  the  nutrient  levels  and  nutrient 
ratios  (Fig.  17)  never  recovered  to  the  levels  previously 
encountered  within  the  feature.  In  some  areas,  at  the 
western  most  extent  of  the  cruise,  the  nitrate  levels  are 
too  low  to  be  detected.  In  most  coastal  upwelling  systems, 
nitrogen  is  characteristically  the  limiting  nutrient, 

Dugdale  et  al .  (1967)  and  Thomas,  (1969).  "In  accordance 
with  Liebig's  law  of  the  minimum,  that  constituent  of  the 
sea  water  present  in  smallest  quantity  relative  to  the 
requirement  for  growth  of  organisms  will  become  the  limiting 
factor."  (Redfield,  1958).  In  this  area,  there  is  insuffi¬ 
cient  nitrate  to  sustain  photosynthesis  and,  therefore,  the 
biological  modification  of  the  feature  is  complete  and  low 
biomass  concentrations  are  evident  (Fig.  16).  All  that 
remains  is  for  the  dynamic  processes  to  dissipate  the  tempera¬ 
ture  anomaly. 

The  wind  data  prior  to  the  cruise  shows  a  cyclical 
pattern  of  upwelling  events  occurring  since  early  April. 
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Upwelling  periods  were  of  the  order  of  one  to  three  weeks 
and  relaxation  periods  were  of  the  order  of  two  to  six  days 
(Appendix  B) .  The  average  Ekman  transport  varied  from  west 
southwest  to  southwest.  With  such  an  intermittent,  long  range 
pattern  of  offshore  transport;  it  is  therefore  possible  that 
the  feature  investigated  on  the  7  August  Cruise  was  in  fact 
upwelled  water  of  varying  ages.  Barton,  et  al.  (1977)  indi¬ 
cates  that  during  an  upwelling  event  coldest  water  will 
migrate  to  the  continental  shelf  edge  and  remain  there  until 
the  system  relaxes.  Upon  return  of  favorable  winds  the  up¬ 
welling  will  again  reappear  along  the  inner  shelf.  In  this 
case,  high  nutrient,  cold  water  was  found  at  50  km  elapsed 
distance  which  is  just  inside  the  shelf  break.  The  center 
of  an  upwelling  may  stop  at  the  shelf  edge,  with  continued 
favorable  winds,  upwelled  water  will  continue  to  be  trans¬ 
ported  offshore  in  a  20  m  thick  surface  layer  (Huyer,  1974). 
Patchiness  or  banding  can  result  from  this  start/stop  action 
between  close  upwelling  events  (Barton,  et  al .  1977).  The 
satellite  images  (Plates  4  and  5)  show  some  patchiness.  The 
second  image  (Plate  5)  shows  the  feature  has  moved  90  km 
further  southwest  and  the  wind  data  show  the  Ekman  transport 
to  be  west  southwesterly  during  the  period  between  the  images. 
Therefore  the  feature  investigated  has  some  of  the  character¬ 
istics  of  a  wind  induced  upwelling  plume  with  the  oldest 
water  at  its  furthest  extent;  still  maintaining  some  of  its 
temperature  characteristics  but  due  to  biological  action  and 
mixing  losing  much  of  its  high  nutrient  signature  at  its 
westernmost (oldest)  edges. 


In  viewing  the  correlation  values  of  all  cruises  it 
must  be  remembered  "that  where  elements  are  substantially 
depleted  by  the  growth  of  plants  small  unused  residues  of 
one  or  another  element  may  greatly  alter  the  ratios." 
(Redfield,  1958).  The  nutrient- to- temperature  correlations 
will  reflect  the  effects  of  heat  transfer,  mixing,  advection, 
diffusion  and  biological  utilization  and  regeneration.  The 
longer  the  water  has  been  on  the  surface,  the  more  time  the 
processes  have  to  affect  the  correlations.  This  is  evident 
on  the  7  August  Cruise  where  all  correlations  are  poor. 

In  sea  water  the  ratio  of  change  of  nitrate  and  phosphate, 
AN/aP,  is  representative  of  the  uptake  of  these  nutrients  by 
phytoplankton  at  a  rate  of  16N:1P.  The  slope  of  the  best  fit 
line  found  from  linear  regression  analysis  (Table  1)  repre¬ 
sents  this  ratio  of  change.  The  values  obtained  on  the 
30  April  Cruise  (15.1:1)  and  13  June  Cruise  (12.88:1)  are 
close  to  the  theoretical  value  of  16N:1P. 

On  all  cruises  the  nutrient  ratio  did  not  equal  the 
theoretical  value  of  16:1  (Redfield,  1958)  most  likely 
because  the  source  water  was  not  at  that  ratio.  The  ratios 
ranged  from  a  low  where  no  nitrate  was  detected  to  a  high 
of  15.3:1.  The  low  values  perhaps  were  found  where  further 
biological  uptake  had  become  inhibited  due  to  low  nitrate 
concentration  and  the  higher  values  corresponded  to  the 
upwelled  water.  These  values  are  not  inconsistent  with  the 
annual  range  for  the  nutrient  ratio  of  3:1  to  13:1  obtained 
in  a  study  by  Butler  et  al .  (1979). 
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Finally,  in  areas  of  upwelling  there  exist  some  geograph¬ 
ically  fixed  preferred  positions,  e.g,  south  of  capes,  where 
plumes  of  freshly  upwelled  water  protrude  offshore  (Shaffere, 
1976;  Reid  et  al.,  1958).  The  research  of  this  thesis  and 
that  of  Traganza  et  al .  (1980),  which  covered  one  annual 
cycle,  indicates  the  coastal  waters  off  Point  Sur,  California, 
are  such  an  area.  Whether  this  is  because  of  the  proximity 
of  Point  Sur  and/or  Monterey  Canyon,  local  bathymetry,  local 
water  circulation  patterns,  local  wind  effects,  or  coastally 
trapped  topographic  Rossby  waves;  or  a  combination  of  these 
factors  cannot  be  determined  from  the  data.  However,  off¬ 
shore  plumes  consistently,  albeit  aperiodically ,  originate 
from  this  area. 


VI .  CONCLUSIONS 


1.  High  resolution,  enhanced  satellite  IR  imagery  can  be  of 
great  value  in  locating  and  assessing  feature  motion 
when  investigating  upwelling  events  that  are  manifested 
as  sea  surface  temperature  anomalies. 

2.  Upwelled  water  may  be  evidenced  at  considerable  (ca.  100 
to  300  km)  distances  from  the  coast. 

3.  Qualitative  inferences  on  the  distribution  of  nutrient 
concentrations  can  be  made  using  satellite  infrared 
imagery  if  coupled  with  iji  situ  sampling  to  establish 
nutrient  versus  temperature  correlations. 

4.  Altogether,  with  sufficient  historical  upwelling  data 
from  ^  situ  monitoring,  a  nutrient  predictive  model 
for  upwelled  water  in  the  initiation,  growth  and  equi¬ 
librium  phases  is  conceivable  in  the  future. 

5.  A  predictive  model  of  the  entire  upwelling  cycle,  in  all 
its  phases,  is  not  yet  possible.  The  effects  of  air-sea 
interaction,  the  dynamical  processes,  and  the  biological 
processes  make  any  nutrient  model  extremely  complex. 

The  dynamic  processes  vary  from  region  to  region  and 
season  to  season.  Regeneration  and  utilization  rates 
vary  from  organism  to  organism  and  season  to  season. 

This  further  compounds  the  task. 

6.  The  area  off  Point  Sur,  California,  consistently  has 
offshore  upwelling  plumes  and  merits  further  detailed 
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study.  Such  study  is  continuing  under  the  direction  of 
Dr.  Eugene  Traganza  supported  by  the  Office  of  Naval 
Research,  Code  482. 

From  a  Naval  aspect  the  thermal  gradients  in  upwelled 
water  can  have  a  considerable  impact  on  sound  propagation. 

The  increased  biological  concentrations  associated  with  the 
thermochemical  fronts  can,  depending  on  the  species,  increase 
the  reverberation  levels  and  background  noise. 


APPENDIX  A 


S 


S  «- 

m 


w 

V*.  f“ 

a 

erri* 

c-< 

U) 

WT-— 

c 

• 

•  xc 

9^ 

w  O 

m 


N) 


C 

^X2 

fro 


•  c* 
»  o 
m 


o 

>jrvjN»CoNiNj  — 

iNi^^Cw.<0  Ocao.  w  0  '«n»r  ^O  i/* 

. . . 

•4^*v/t40u;s;r^^C<^  waive  wxfve  c^xw»-^^g^owarvj<>c  aw*>><c>  £> 

z 

r» 

m 


^  sa  ^  e  e  GL^C' a  c,  vt  X 


O  O  C  C  O  O  ^  C  S -^ -«•  O  fv  ^- 


a•‘V^L^Nl^k  -vaive  ^ 


0>— ^'jjCCiC  s 

. .  •  xz 

Xwk^^eoc^ 


ocooccoccoooooacco 

««•«#«•••••«•««••• 

^^^aoaa-xaxaasa'e^o 
w<v<v^««C' e  ^  iec«v  w  ^<xrv 


Si  w  o  o 


mCO wf>jrvwOON>a«»e  t/:wrve^e«*^  ^ 


^  ^  ^  ^  ^  ^  o*  c*  0^ 

•••««*••♦••••«•«•« 

C  ^  *C  'T  ^  ^  4*  ^  9^  C  C 


a(Kacs(s>9*^^aQD*v*4e 

•  »•»••••»•••••• 

^  ^  «4  ^  C^  Qc  X  g:  «4  V*.  O  X 


»•  V^J.^l•*-0 
•  •••••• 

vr.vNJo.fW’O 


«£C 

o-< 

wX 

•s.* 

XX 


O 


fV 

rv 

IV 

w 

.V 

IV 

%» 

o 

V* 

w 

rs> 

C 

9 

w 

o 

■c 

z> 

o 

O 

w 

aC 

9 

a 

9-1 

• 

• 

• 

t 

• 

• 

• 

•v  9 

o 

o 

o 

o 

9 

O 

o 

f 

w.'SiWifc'  'JWw^^•vw vrsjwwuiU  w 


oxwO'T^^-a-j  ^  r x— '—  ^ i-u .>jx “  ww  ^ •> ♦•'x  •  ^ ^ c*  w* 


^^C5cjom3 c w“>nca-«.*e-sj'^-w*wfc'wu.wr‘j*v^*,*.r?‘0  c 

r> 


64 


R/V  ACAMIA  30  Ai’R  /  1  MAY  7>i  CHFHICAL  MF  S'IS(,  ALf^  ( T  RU  I  SC  VU 


K» 

ISi> 

h- 

O 

o 

O 

o 

5 

w 

w 

0 

e* 

*• 

fSl 

• 

• 

o 

N. 

^0 

N» 

D* 

• 

• 

» 

aO 

^  ^U'OJ'A>uiWVMW>>Jv>>Wv>>UJ 

^  C  O  ^  ^s^U>r\ilVjp»CC9<C  ^<S  C'  w>  Jf 

JS'^O*  ^  Cw  W  WC3-  wCfi-^^  w  ♦*  ^  ^^wC^  C&iM  w' 


^  ^J  ^  ^  ^  M  _  ^  ^  ^  ^ 

—  ^^i^  *—  sCax»-^  — \^^‘>  U.fVj\jN.-N)fSJWii»^Wi‘‘i‘ V'C^O“^-JC“  ••‘«*jC“  c** 


o^^a^JaB^/'w j^aoo  ojo  j‘«c«i3^*-*f<w^,i.>^--«^>^^-£.£^-^occ  .rf^;^C‘^w^cxc^w x r' 
^a^o  wcc  ►-w**--«*i'C-^03^w“*-4O‘  fvj»cc.oui^^ui-<*^CBO'aC"C‘  4^«<*rsi>^/c.C'N,u'  wc  5*  u 


^-*»*-^^^CCQ^COOCOOOC»SOCOCO©  -ccco  - 


*-*»»>^000  3  3  3C^'<COO«C£^vC'C 


'6NWrsJ^»«Ca^3C9‘C  Wi**0® v/rs»^  ^C  •^••^N»-»»*-® ON>CU  V  ^^  CC  •-'O 


m* 

p^ 

m* 

N( 

•»4 

>r 

•>4 

tv^ 

sn 

® 

O 

>0 

•4 

30 

o 

3 

rg 

■•• 

Ski 

3 

O' 

O'® 

3 

0* 

w 

3 

• 

« 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

oo 

O 

o 

o 

o 

o 

O 

o 

Ni 

OOOOOO—  - -SJ  N)  V  ^.  •-• 

« 

•  •••••• 

• 

• 

33  ^£>0>«.»•.g<> 

^o 

s« 

^xsaax  gw'tcx^  '>c 

o 

p" 

03-i*5- -f'rg 

OOOOCCOCCOCO*^  0Pv^«N;r^,  ^J•'-lv%^  N.N;.  v^-^^.  v  :  oN.  ^.  •>^ 

>jiu*o>-n.‘>— ’^««*-»iC’/5>rco^. >#u*'N»>i>.xocou?  .n-.4-*4tt  3'u-wv>  >>j“u'^X'X‘N/  — •-^coc.c wO 


65 


TIME  LATITUDE  LUNGITUCE  DISTANCE  NH  l'D4  NUTP.HATIO  ATO  ri(( 

r..;T  NOKTH  WEST  fl  IJH  ij."  NO^l’DA  NG/L  V'./ 


c 


•<4^'^'0^aer>.^C4'’C^<->4  XNi0'O^x-**<«4^'-ns;  w  J5:'jr'O^a  ijirf-^*^\j^^3wxPw0‘Crf‘ww«»«^  ju-> 

2 

O 


rsjr\jrsi\.^  \j  j 


^J  4^  ^  O  •«  r- c  •«  W  »V 


ooooccccocc 

•  •«#•••«*•• 


U»  ^  ^  WfVJ  VP  ^  ^  u 

•  «««•«••«*• 

aco4»^x«*s»j"oc  •^ 


^^^•-•>/^ujN>a^-v."i0‘  r>xxoN.Cwt-“«T-«*^x  3^^^civ-*^««,co  '^- 

wN.\/*c:a'^N»u.^xe‘Ni^o‘rs.  c*-.*  w 


CCOCCOOCCOCOC'C*»0^ 


<^  «<*  •■J  O  C"  O*  X  V '5  *4  "S  •'j  X  O  *0  C  C  ^  N*  N»  N>  Ni  JVJ .  V  •  NJ  iV  N*  ••>•  W  U -i 
•X  o  •  V  X  *4  «n  rv &  w  9  ^  O  v<n ’wv  o  ^  O  c  N>  i  Vi  ^  u>  c  ♦ 


2C 

^n/i-v&SCX^V’^'C'^^'.CCC'CO^^'COCCCOCL-i 

•  «••«••••••»••»•*•••»•»•••••••»,•  ■^'C 

>C ^  O' ^  C  J> c  ^  c  C^  C^  o- ••  X  tt  W  ^  te  X  C .  V  w  N- U  4^  N,  • 

•5^ 


«V 

fs; 

•V 

Np 

J0 

s»* 

0^ 

O' 

o 

<» 

O' 

• 

« 

• 

• 

o 

O 

O 

o 

CDVP  >>X^>’V  XfW-4' vrO'fr  X  •>  W  O'  -'C^.X.V^  ^  ff-  X  ,J>rv'-r  V  C  Xf^.'VwH'— ^■^•«.* 

^NJv/iox'jivivTsnc  ^-v-4*;-  -^uiP‘-P‘N/  ^ 


XCBXX^X^XO  ?wXXrD^«w^«*w«^vr;u«* 


o 


o 

o 


rn 


V/I 


Nl 


rf> 


a 

N) 


a 


^  'C  W  ST  '<S  ^ 


OOCOCO^»-C  — COOCOCOOCOCCW 

Aa)nacacs9:>oocLC««^<>>*o«j««*4^‘^*wC^ococooocoooocow 

a>wU‘Wt.^  w  ^ 


OOCOCOCOOCCCOCCOCCOCOO^^OC/CCOCCOOOOCOC 


»w  ^  M  WM  "kj  ^  rv^  .siN)  N)  rSi  rg  ^  ^  O  C  C  C  C  O  C  O  O  O  O  O  C  O  *4 
Ui  Ul  ST  V  s./^  O  cr  CD  CB  •>•  ^  rv)  IS;  •«  *«  ««•  o:  a&  CD  93  N9  C  O  O  C  O  C  O  C  C  O  C  C  C  o  ^ 


n9 


o 


o 


o 


w  w 

^  rg 

•N4  ^ 


t\t 


0»00^«  ^  »/v g'ji-«4'>^^»r  •S'tv  o:-—  a'2>*«jO^Ov’'u’'-ro 


U*WUk '  »''JJ'**JN»rv.- W'Viv  ’J^v^N  l^i^v•'-‘^J'>•Uk'*^  w  -  U»\. 
OOOOOOiT  •COr00f)35-4-.<Cft3'f>Nf>«*^  — ► 


X 

V 

< 


r- 

> 

C 

n 

rz 

> 

me 

z 

-1-4 

> 

c 

c 

n 

•CvC  — 

o 

,s--0'  ui 

•  »  ^  w 

r» 

"0 

2 

X 

n 

m 

N. 

►« 

z 

•  •  zz 

> 

so  o 

•< 

•g*i4  u> 

-w 

QC<Z 
•  •  Z*? 

J1C1  C 

n 

aO'  ^ 

X 

-n 

z 

n 

> 

z 

m 

sc 

uu»c-^ 

2 

•  •  wS 

:n 

WW'S^* 

sx 

o 

O 

M 

> 

o 

r- 

-ri 

O 

2> 

«■ 

DH 

«✓> 

V  9 

n 

r“ 

VI  i 

,  \»—  «cm 

•  •  r;T 

• 

-j  ~» 

.N.  ^ 

•  •  r>  : 

>ao  9 
n 

67 


o 

o 

o 


u 


w 


4- 

VT 


Z> 

o-« 

;c  — 


C 

rz 

r-cj 

c 

G 


®  ®OBOS  O^V/'U'v.T  v* 

V*I^^N)^OC^CX®  0<CC^^  <OC  W 


Ni^C  w>»>>‘'J4C4'‘®N>O^Cs^  0^®rv>  Cr^  ^  w X  <jC 


2 

O 

m 


IJI  ^  ^  4*- U4  U  l' 'X '.r»«»4  X  ®  O  •- M  Nj  W  •^‘ 


«g  o  ^  O' o  O  ^-1  a' O  a.  «X  O' 

OC®  C‘C‘a9*‘U.^VMw4‘C-4^0 


VXVX0^4*4*  4*'V.<-U>o.<<V;*-OOX  ^  O  w®C 


4»KjOU‘<Um.C®  4‘^U‘O' ■*•(.*> 

4^0>e4‘4'C-C>r«9‘C0^Src^VX«C^«^N,C9‘C‘f<JW'.‘) 


oooocooooccc^^— 


®  O  ® -•><•««<  •<4  •>*4 -«4  ^  ®  ® 'O  O  C  ?s^  ^>#  N»  W  4^ 

•-*  O  ®  VI C  U«  X  >  v  U  •  w  ^  W  s**  N»  ® 


CoqCOCC 

•  •tt«***»t«»***»*t**«»*«*t  2-0 

S  ^0‘vXNXSXViU'4‘4'<^Wi'aJW^N#iv‘Nj»*C-0'00®XX  C 

w  4^<«y  ^  .  4^ 


^  ^  sn  ST  VI VX  VX  sx  V  C^  9*  «<4  ®  e  ®  4)  c  ^  o  c 
^  ^  ®  V)  4*  ^  U  Xw  O  W  ^  ^  4^  ^  O  >C  4*  9^ 


2 

zc 

'A«£>^OO<O<0C  O  <CS®  ®®  *^*«**«^*«9  ^  4^  2*^ 

•  ••••»»•»••*•*•••»••••••»• 

V<  V  4^  rv  W  N;  C  C  W  4^  ^  C  *s>  **<  ®  W  Ni  ® .  v9  W  C  C '>»  * 

'o;s 

o> 

4^  H 

o 


•4 

® 

SX 

N» 

o 

® 

c 

4 

9 

VI 

•>> 

— 

-J 

•4 

2> 

4* 

W 

'O 

vx 

o 

o 

a/ 

4* 

VI 

r-« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•V  "5 

O 

o 

o 

o 

c 

o 

o 

o 

O 

o 

r* 

<1A  JS  llib  jmv'jius  »W  IVJIW  IHJ  (>l  AVK  1  /  d.iW  01  VINVJV  A/M 


i-*^-^p*^cooooooocooccoooOsC<£<£'^^c^<c^^  coo^oo-^axaaacBsac-xa: 

^  M  F"  o  O  <«w  tt  C- **4  O' SJt  ^  ^  w  W  fNrf  ^  ^  w  O  ^  U>  •«4 O' 9*  V<n  ^  ^  ^  ■  .(I#  I'm  rw  ^  ^  Cp<  ^  ^  «>4  9^  O' nJ)  O' ^  M 


««^9'^v*iwu>4>>  *>OJwWu^■^^I^>^o^J^J•^>0‘  ^v^<v.no^C 


0‘*«iUiv.n'£«^»*vn<£Oc‘^X‘0'aBwC0'^0‘0'rN«^ Accc-ou^^irfO  vx^trc.^'M^^-o.CNi^^sorcs 
aa»4*4*cvi'^0'^coc«>4V'U‘^^<w^Ci'M^0‘0«csrvria  0'N.co'^&a(v.rv^N>CLC‘i%;^u.ca 


^OCCOCOOCOCOOOCOOOCCOOCOwCOOOOOOCCCCCCCCQCCCC 


V<Oi9^0^u»v'to;x>«V' J3^f\irwfvcci-»:«»CO‘0:^ 


WcB^*o  Ss.rac<£ 


Nj 

rw 

w 

w 

■O' 

*i» 

c 

o 

o 

<9 

> 

\Ji 

9 

NJ 

-J 

9 

0* 

fM 

-«4 

W 

O' 

o 

O' 

o 

« 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

O 

o 

o 

c 

o 

o 

o 

o 

o 

’^•j»«7tN»u>vj'>  J»'J’'otO'OOOoo^—— ':oco  -^o— ►-—c c— fsj'^ 

wrv  *'  35  »r  .j' w  i.  »r  ^.vnjO^-o  i*  '£3'  x  Ocr  ■j't  0'\/‘  c  c  .r»Ui*«  -£ 

^iiO.  -40-  X  ■>«•  V'5^'‘  i^  ./'O'  ^  sT 


-'p— V  —  ^►-rs,tN#.vrjN#*sjrjrj  NjNjNtr\j:\/i  -n  j*^r>-(Njf'-.  o*^F“r\.— --Pv. 


'»t*(0'vrO‘-w«xfc:'0»c^oo<^^fc-p»p»^-oo-r*-N)<Ni  xj.— r-  ^OxcOxTixr:^ 


7a 


TIME  LATITUDE  LONGITUDE  nilT'NCE  UHi  I>n4  NUTP. PATIO  ATP  fHL  S  Tfvp 

G^.  north  hEST  KM  IIM  !;m  N(i>/P04  .  NG/L  ►'G/Mi  ^^r. 


o 


m 


u 

3;> 

c;-< 

30*- 

Wl 

•><-H 

• 

zc 

N> 

o 

m 

o 

N> 

Q 

fS) 

rz 

mO 

U**- 

-HH 

• 

C 

» 

O 

n 

j  ors>fs^Nfs;r>»i>j.^N.x  o 

W w «£>£C6 WW  U> 

z 

o 

m 


viiO'«w«>4-^axX'0'£OiM.r‘^vr«j^\/  ■^«g*>y-<«*>«xxcxo  >ooc«^ocxs-««^ovn  c 

.  . . . . .  12 

QB^^UiC‘C.x^-^uiX«^^w*t««oO(N«<^^«£u>r)9>-a-w<£»^cnC‘aOrw>«a«>«iv^aibna 
tt^»^N<av)^w^4jt\/.o<^r^cc}Csc  99‘OtM*N^«c<c->««>r^^«>4W’ %*> 


ooooo< 


2 

0'0*^«.4*^«^OC»*®^CCC»OCCCCCOCCCOC-«C.^^*-^^^-'^^*--CCCOO 

. . .  u» 

*033 

o> 

^-4 

•  o 


fSJ 


-«4 

w 

03 

-4 

9 

\jy 

s,n 

OD 

® 

-•4 

> 

o 

<o 

*M 

o 

z> 

o 

*4 

o 

*• 

o 

*• 

o-< 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

r- 

O  -**-00000030000  -»-^00  -OOOO*-©  — OO  —  OCOOOOOO^  —  p-rarsjf«o.-#-5»-» 

o  **n0*-^C‘U’v<O'J‘‘VXO^C‘  XsWO  C4JI*—- «*0 


N#*- -•*-*—  -  —OOCCOOOCCCOOOOCOO^JOOOO^C^O'C^^CCOOOOO*-*-  — 


71 


H/V  ACANIA  50  APR  /  1  MAY  79  CMbMICAL  MbSOSC  ALt  ( CR'J  I  SP  Vt) 


o 

sC 


s 


o 


o 

o 


w  w  w 

Mi  ^  C 


Mi 

Ni 

• 


Nl 


rc 


^> 

w 

• 

• 

Ul 

(S^ 

^  Q  ^  gs  •«,4  ^  vj:  ^  ^  w  fW  Ari  ^  C  O  ^  CC  •«  O' ST  ^  M  w  N>  I  w  I*  C  O  «d  O  S  ^  7*  ^  Ul  W  Vito  •*  w 


<OOOCOOO^^-^^»— ^  VN, 


^oooococccoo9ooccco^csccccocoocccc=»cosocococcccc^ 

^MiMMMMMiMiMMMiMiOMMisjSMMiM  MiMiMMiM-MMiMMi^t^O  O^MMiJiMiMtMiMMiMJi^ 

uivtV)vr-^«^au*^Ni^^^o*'C  C‘<^CDwtt»ttX<£  o^'Cavtwivw'jis^i^cc*-*^^ 


•  •••••••••«••«•••••••*••••••••••••••••••••»•»#••• 


M 

w 

o 

M 

< 

o 

w 

O' 

s 

w 

<v 

O' 

N> 

» 

••J 

Mi 

** 

• 

« 

« 

• 

• 

• 

• 

• 

• 

• 

o 

c 

o 

o 

O 

o 

o 

o 

o 

o 

IVOOOOOO 

o 

oo 

OOOOOO 

o 

ooooooooocifioocr^r:-^  -Cw 

•  ••#«•• 

• 

•  • 

«••••• 

• 

•M 

INJV* 

INJ 

..nvr  T  V  — 

O'rjo^^sjTw 

o 

rv 

•^WW^U  ««)U^'U>u  v*u  U'WWWr  'U-  u:  w»>UuuNirrvNJ'Sjrs»N^-k‘tSjrsi»'Sj>‘\.  \ju^«.'N;N.N.;  . 


r» 


TIME  LATITUDE  LQNClTUDt  DIST^^(CF  NU3  I'O',  NUTP.f>rTIO  ATP  ni  *.  Ti-wi' 

r.MT  hflRTM  UEST  KM  UM  IJM  N'*  3/POA  NPt/L  wr./v  ^  mr, 

’A?.'  1.17  fl.T.T  A./  17.0 


w 


N> 


WUlWWt^UIUi  WWt  t^.v'WUtWU*\»*Wy*U'W  WW  Wo.  W  W  w  ^  w 

WW W>>^wWO<W Wt>>WWWO>WWLV^ar^,)fON^^O.\iNi  ^i^J^l,>^dNj^Jl^iro^J^J^^■^v^***^ 
^N)^*^oc^ocj*«-<««C'C^y^4>'^-^ww<yAjN(0  0'COo*o*4<>  O'  w«w<^iv^ow 


'-ooco^^N)w^^O‘-^-.^o ^‘>u.ro»y.N;  jQac*J*^^oocsc 

yio^ytty^^-wcc^N.X'-x'C  i£flav/iu\^-.<rsj-iwG;-gu^NiWifl*^*«wv,ftOO‘«.ufywi?'*«i#u*w^o.c^^<‘»c>>^^.^w*** 

oe»  w  ^  ^  ^  *<4  os  O' N  A  ^  o  w  O'  4^  N#  ^  O' (d  y^  O' ^  ^  is  w  <£>  w  ^  y>  pw  y^  y  c  ^  ^  w  ^  w  w 


oy  *^y  y*<^  Q  *oC''*0'^w^cc^fyN<^  O' V  O' w'^O' •»««<;  ccc  wwyy  0'«'w^*««>:>**wwwg 


OOCCO^^^^^^'C'0'0<6’£’£^09'CCCCOC‘^***^^*o^S>O&^C4}^<0CCXC^•^•^<0y'C'C<C 
^^)«Nry^^C'C4"*•40&y^wo**•»O0'^0'^^^w(Kr<i*'y^•^^0'y  ^^w^wx^'C<ycN»*^c  wN*^' w>y 


►- 

fy 

VM 

ry 

►* 

«M 

y 

o 

<o 

•4 

» 

•4 

y 

y 

9 

y 

o 

ry 

aO 

y 

9 

y 

y 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

C 

o 

o 

o 

o 

o 

o 

O 

o 

O'O'O^'iiw  woi*.  ^•^C'O'-'Xy^joi'Ni  •ri»»yx'>jtC'N^wfv>N.r*rfWwa/«^c»'«’X'««4«#^'rc^s-Nr>co 
«4.*oO'-<iO'^.‘Nj y w«>0‘0^^rvw»Niw«>«w xy ^ y«— -i*wyyc*xo^w'^o  v'O'yoc' 


ooonocooooocco-*Docooco3oc  roooccoor^coco' 


TIKE  LATITItOE  LONGITUCE  PISTANCE  NMJ  PIH  NUTP.HftTIO  ATP  '‘ML  A  'r{.'>f- 

GMT  mirth  west  •'•■<  IIM  MM  Nn'-/I»04  MG/L  Mr,7.i3  n  G 


o 

o 


s 


U) 

w 

9 

9 

w 

9 

• 

• 

o» 

K) 

Ul 

\/l 

fs» 

• 

• 

«4 

W W  W  Ow  W  w  W  W  W  ^  V>J  t>>  Ui  U«  W  W  W  W  W  U  W  W  W  OJ  w 

^O.0»e^e’3'O‘C'C^C'D*O*C' J»\.“»^/'\JitJ><-r'J“.'J‘sr^'J*.V/»Vfl*/:  J*'J’ ^  ^ 

O  CC^  O  ^OS  X 


o O ^ C O N» O C  ^ Q  C  ^ ^ N.  N> •  »«> . <*< NJ fSj fv..- ^» . V •%» .N» ts;  VN; N# . o ’’o N; ^ 

C  CC  V- ^  ^  Mt -kj  O  ^  ^  ^  w«  <1^  w  N;  ^  C3  C  o:  ^  N.  ^•  fsj  rs.  w~  O)  ^  «N  u*  ^  V/:  ON.  w* 


O  J^OCOCCOCOCSCCCCO'^OOCS 

^V'^WM»rv-NiCC“*^»Cw*“ 


OOCOC*-CCC^OCOOC^^^p-- 

gi)  ^  ^  ^  0&  «i4  «4  V/t  Vt  9*  O' ^  O  C  ^  C  ***  C  iV  N(  N>  N:  N>  N><  ■*  **  ^  ^  N»  •  >i  W  W  rw  ^ 


9* 

xi 

X) 

-4 

■x 

•o4 

•<4 

•X 

9 

XA 

V/l 

w 

e 

O' 

rx 

O 

• 

• 

• 

• 

• 

• 

• 

• 

O 

o 

o 

o 

o 

o 

O 

o 

OOOOOOCvDOSCOOOOnr5f3COO^.«OOOOr>  — 

wwvwN/. ^  ^cr*v,^'j'0‘r^>99o<*cr\/io«o.joi4*>^o,nj<*^.wi>-e-  ..'soo 


oe<d^^>c<£vriOooosc 
«4«g^«,jC&CcoOOOOOO  O 


OW*-C>C^£^-C«C43<90<£V>C<.‘''<£X*0^'£>r%*>  £CC 
^  X*  ^^v/i'J^9Clx  -OsT:  n 


74 


Tine  LATITUOF  LONr.ITUCE  01ST\NCE  N.Ji  P"»4  NUTli.P^Tln  AT"  Thl  a  tf^P 

Grit  NUI<rH  WEST  K'<  IIM  :!•<  ril))/PU4  NG/L  •'O/MJ  OFT 

J4J.F  ?0.14  !.n4  !0.9  1,”  ID.n 


75 


M 


s 


m 


w 

a 

;?a 

OH 

N 

o 

HH 

• 

xc 

a 

o 

m 

p* 

p» 

r 

M 

o 

p* 

P» 

rz 

mc 

m 

Ul 

H 

HH 

• 

• 

e 

a 

P* 

o 

m 

•  ••••••♦*♦•••♦••••••*•••••*•••*•••••••••••••••*•••  ^  “i 

z 

n 

m 


9  «4  M  «>4CB  OB  a  aa  A 

••••••«•••••••••• 

^ a w^J <A fM a 'A ^ w «•< ^ c) 
^ooowG^ftOf^aM«v<accw 


0000*"*C»*»*N» 

•  «••••••••••••••••  •••••  ^SS 


oooooooooo^^^--^^*- 

«•••«•••••••••»•• 

via c o oo*- 

^  VM  ^  gg  Q  •«  Q  ^  9  Q  ^ 


IVlVfS»Ni<VN)fS«IV)N»  V»»OOOOOm^ 


o 


vt  a  a  «v  ^  *4  a  a  a  a  a  «4  ««i  «4  0^ 
••««••«•••••«•••» 
«4^#  a  •»  vt  a  M «»  o  o  «« a  a  w  fM  ^ 


a  aa  a  a  «  «  ^ -6  e  *****  « <6 

•••••••••••••••••• 

a 'iia  a  o  -4 


»»;5c 

'C'C^'AOw'^ 

•  •  •  •  •  \siTO 

vi^^aaos.* 

'MJO 

u> 

a-< 


o 


M 

p* 

p» 

p* 

M 

o 

H 

a 

a 

a 

<o 

a 

a 

a 

^4 

H 

«4 

H 

-4*2  P 

H 

H 

vn 

V! 

a 

a 

a 

H 

ac>H 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O 

o 

o 

o 

o 

o 

o 

9 

O 

or- 

a'Ooasfl  >.  xiNtfOuCrF^-v’.oar^'^a^a-'Nif  ^.N»  j' a  a  •.<••4  aw  a  oo 

.4  ”» 


•< 


H/V  ACAHI*  13  JUNE  79  CHENICAL  NESOSCALEJf RUl SE 


m 


u» 

0» 

0-4 

r»»- 

m 

•4^ 

• 

xc 

> 

o 

m 

r* 

K» 

o 

irx 

• 

mo 

m 

Vi— 

m 

•4^ 

• 

c 

> 

e 

m 

3 

•  ••«•«•••«««•«••••••••••••*••••••••••••••••••••••• 

2 

r> 

m 


aOAO«4\JI 

*4UiOoao 


>  ui  \ii\ji  ^  cr  ^  ^  >  fNj  w  u*  rsj  N»  »•  o  o  o  o  c  o  o  o  o  ^  rsa  c 

.  . . . . . 


oooooo 

•  «««•• 


oooooooooooooooocooooooooooooooc 

«••«••••••••»••»••••*•••••••••• 

4»M«MQOW)9Wrv'<^Ni9‘0^O^^*^'^vn-NWwi*^'‘<ifiW)^9‘'6w^‘9^  ^ 


oooo»«o 


:rg 


•14  *4  a>  Q>  s  OS  «*4  «4  ««*  9»  ^  >  V/:  N/l  W  N)  M IM  N' N>  N»  Ltf  ^  ^ ^ -4 

•  ••••#••••••••••••»•••»»»•!••••<.  ».n 

*5JO 

•,  :3D» 

•  ^-1 


N* 

r4 

PM 

O 

.r 

CD 

«Atf 

CD 

M 

Ul 

.  9 

4 

M;Zi> 

CD 

<4 

-40-4 

• 

• 

• 

• 

• 

• 

•  >*'0 

o 

O 

o 

o 

o 

O 

o?- 

R/V  ACAMA  13  JUNF  79  CHEMICAL  HCSnSCALEICRtlt  <iE  VIII 


o 


o 

o 


c- 

u 

c 


SS- 

in 


w 

Vi 

W  ^ 

AZ> 

e»H 

!■ 

»« 

«4 

•  VA 

M-4-4 

• 

• 

• 

•  zc 

» 

o 

^  o 

A 

m 

> 

< 

»• 

ftM 

^  f* 

> 

M 

Ni 

n 

jn 

M 

N> 

!■* 

^rz 

> 

m© 

z 

VA 

VIICAM 

mm 

m 

O 

A 

> 

• 

• 

• 

•  c 

O 

o 

A 

to*  D 

•  ••••••«««««««««*««***«»***»**»**»«***«*****«*«*a*r^^ 

r» 

ni 


2 

m 


UriUiW^WWO  A 


»C>^— -f-*©  -^OO  0«riO^ 


>  WWVI^'Si^  ^  ^ 


•  »  •  •  22 

^cc©  w 


MI«^^As^WW 


isj^©rs)^>/^rM  © 


0»  •»»-«»-»»-»  O  ^  M*  *aa  Q  «c  **•-*«£  O  9  ©  <c  c  <;} 

>0  »- ^  ^  ©  J>  W  *4  >iH  O  9*  C  ©  ©  ^  (> 


00  30C 

•  •  »  •  2*^ 

©>£©»  C 


z 

T* 

2 

n 


^©ofwNoa 


«0^>0000'0 

•  •••••• 

VMQ<hfS) 


©Xt  <©  ©  ©  ©  ©  O  %0  *•< '6  X  9  ^  O  *0  A  O  O 

•  ♦•••••••»•••••••»•»• 

A  Nj  A  Ml  <*4  ©  O  ©  a  ©  *4  UJ  O  W«  O  ^  ^/l  ^ 


•■MM2Z 

A-fiOOC-l 

•  ft  •  •  UJ*^ 

UD*»WWX* 

o*> 


t/» 

© 


> 

f“ 

n 


*• 

** 

rs> 

» 

A 

Ml 

*■« 

• 

Z 

A 

<*4 

o 

o 

■M 

A 

2> 

o 

«4 

\JI 

A 

to» 

y» 

• 

• 

• 

• 

• 

• 

.1 

O 

o 

o 

o 

o 

O 

n 

2^ 

©X 


78 


o 

M 

CD 

•hS 

m 

IP 

r* 

r> 

o-^ 

M 

v» 

P* 

• 

TC 

OB 

n 

!• 

M 

fSJ 

rr 

«T*C5 

</*« 

• 

c 

r» 

IT. 

o 

ttoaBCBeoftttODOBasaBaeaDaD 

*••••••••••«•••• 

Z 

o 


•  •  •  •  • 

C*^OOOn 


»• 

0^^>^00-H 

•  •  •  •  •  w*^ 

■o-*^ 

3 

^  -< 
3 


Z 

n-« 


P/V  ACAMA  13  J'INF  f'i  CHf.HICAL  Mr  SOSr  AL' ( C  R  I!  S"^  VM» 


o 

o 


w 


hi 

hi 


I  — 


c- 

r»- 


c, 

r  n 

to  — 


OO 'Ott ^*^0^ C*^ ^ wi\jfw^Ow^'£CD*«i«>«0 ^v^^wwrwiNj  —  o w ' 


^oooooo 


CB  ag  ut Ul  tf' tn 


OOOOOOO 

•  «  t  «  •  *  « 

^oooo<«<o 


^cooooo 

•  ••••«« 

ODOOOOO'^ 


^ -g  C^  OD  O  ^  C.  C3  >  O /NJ  •  V  jy  ►•  —  O  CD  —  X  flc 


ooo  Joc 00001)0000  ooaocoooo 

^^^OOCD'C'C'O  £;>C-CXXXXOXXCSOX9 
fv  ^  w  O  <  ^  C* ^  ^  • 'J  .  V  X  w  ^ 


^  ">y*^  'J*  ^ V  O  «4  X '*•>  ^  «£  «C  X  C -y  O  o  W  W 


c 

i2 


c 

**3 


z 

£C 
0-4 
w  ^ 

X.* 

T>  TJ 

uc> 

^  -4 


Z  E» 

o-< 

>*.  T3 


vr  J‘^J’^^<^^  J'-y  X-JW-«4-J(J‘'T‘ ^  ^  .J**  ^  ^  gW-iJUtU)  k'yJlgWiX'X^X*'  >  >).- 


Ui^'l'O.o^^-X'Oy**—  X.*r>,^vf''^  SJ.'\»-y^:gg^O  S-gx^^X^y 

xw^C's^OOoOw  jvrgi-yX*'s<rt^^O'«i-gN;'w  v‘**xoX'  — 


— -g-y.. 

•  giiio— X^  Xs** -lO 


0'i>^WO^'*wWW  UW>»)t>>'  »>'^*  v^' WW^Af'^/OJ  W  W  Ia'  U  1^' \a«  y^  WW  '> 

•  ••••«••••••••••••••••••••••••••••••••••••*•••••••.''< 

0<-iJ® XXmcc xm-4-j— X*f>0“^^'>u^l>»>e•r^\.J^'J*C^'>o-y.T.0  -X  u.^'vnC*  r>.j* ^‘fii  t> 


R/V  ACA^'lA  07  Mir,  /  09  AUG  79  CHEMICAL  Mc  S  ISC  A  LF  ( T  R’ 1 1  VII!) 


o 


r 


o 

** 

o 

o 


o 

o 


UJ 

f 

O' 

o* 

z> 

c-^ 

Ni 

30— 

X 

O' 

• 

• 

ZC 

N) 

•g 

0 

n 

r- 

Ni 

N. 

0 

N> 

N. 

r  2: 

r^O 

i/»^ 

•4 

X 

• 

• 

c: 

O' 

X 

0 

r-* 


w^«l^J^ooo  -Ox  **<*<•  c^  \j‘.'>jy*'‘  xx  <yi 


o 

ni 


asx 

oo0330Cass3: 

2 

1 

i 

U 

0 

1 

1 

t 

—  — 

«  •  4 

»4»«444** 

•  •  ■ 

\,nN>Ni 

0  0  X  «jv  0*  (V  X  0  n 

-^njx*  :: 

X<xO 

^X^  OX  i^lv 

tk 

OOC 

•  •  • 

ooo 


fSjIVj.Nj  PK*  Q  ^  ,0  X  O 

••4  S/:  W  N/-.  W*)  > 'i>  N>  iNI 


•—fSjrvjp—NjOXX 


^CCC 

•  •  •  5"^ 

OOC'  o 
••  ^ 


000 

•  •  « 

oco 


oo-^c^ccoccx 


O  O  O  ^  ^  N>>  ^  w 


••Ck-OOn*— fs» 
•  •••••*• 

<7^XOf'^'XN>X*^ 


2 

2C 

•^CCO*H 

•  •  •  u,  W 

•^OOV* 

•a> 


C>  H 
>.  3 


«»«>  ^iVjro!\)'»#  WWW  »»U>^ 

.  . . . . . . . 

^0»— *-ii«>  ?*-j^wOwCO  ■^yJ-7'  .«\^>-*  V"  wO/jX^rs— r‘'aO>kr“ 


^s»^O^J^.•f^;l-.•■^;•’^r^Jf^,^J^.'v>;u»  «pN,NU.v>#VwX‘*  <XX  i 

UiiNiO^-«wC  0  -jvTthcnx'X-  x-vp^  ’VJ  ^  vttXOO  CjX  'Cr>i*>X'V/‘^n-*.*r!iiT>  x."nor.  t »  -d--- 


I  X  ^  ^  o 


81 


R/V  ACAfilA  C7  AUr,  /  09  AUG  79  CHFHICAL  MKSUSr  Atr « CRU I VIII) 


O 

Un 

O 

o 


O' 

c 

o 


N) 


ru 

vn 


^  ^  ^ as  35  00  ®  rtS  05  39  03  O:  »  tt  X  CD  CS  C3  ® 's  OD -g -4 •oj w  O  O' O' >  O' O' O'  c*  O' 
Ni^OO^^  wO<J3x4«40'V'<sJ)4«^OtU4Nt'^v OOO  ^N;«v^^OO  w  03  X  **^*4  O*  v.n  «> 

X  W-^^0‘0-('-Ov4«w>40'0^  OU«&^^0‘  •~sJ^O^SNI*4^3' w^«C  <3  >>X^4a'0«^  ''•O 


£«0 

•  •  «  «  • 

0'X> 

•'^O'O'Of^J 


s0O<£<i)O-^  .0>CXCC  •OXX(£  '3  0CX«4 


hJfsjtCO*'* 


N»  .M  ^  ^  WUi  •^' V*#  r\j  I'i  fS4  Nj  »-•  O  O  ^ 

o;  4J .  w  o  at  M  *•  X  C*  O' *0 w  ii*.  .\»  O' ^ 


®«|JOOO^  •4«4^0  0*««40'0'0'0  W^O'O' •>4'5D®^ 

•  «•••  •••••••••••••••••• 


oooooor3rjoo<r>r)0ocr>.oooooooo— no— — — ^^<^ooor»c3Cr>Cr3Cr>0'->0'i  oo 

4^ «fl x 41  w*!  «£  C 4^ 4“. W’. 4  4^ »n ^  ^  a  4".  nO'C  >o.*j  j  w00  43^  ^oti  x-^-4-«x-.4--*-*<-i.  -i  av 

vr»*i>c000s4-»40‘  •'^-..#'-4-4-«4^^^  w'V  V*  O  0»i/>«3*'-4  4J4'\41  V  U<rvx  4»,>.  <^''V4‘4'  ><£  ;,?»,VOX^  wlwU  — 


^X'4'4'r*4'4'^4 

•  «••«««•••«•••«•••««•••••••••••••••»•■■«•••• 

OOOOOOoO  •JOOOOOOOOt'>— —  —  OOO—  —  —  —  —  —  — 0—000— —  —  —  OOv 


W  L4  V*  W  k  vp 


•gO'^C'Vf  u* 


TIME  LATITUDE  LOriGlTUCE  D!<;’’>NCF  Nn3  P04  NOTK. RATIO  ATP  rn|.  i 

GMT  NORTH  WEST  R  1  UM  ,  UM  NuB/POA  NG/L  wr/ii 


o*2r> 


fs.  a 
K  rz 
mc' 

•  C 

o  rt 


Nil— — OOOOOOOCOCOOOOOOOO  — '^C'*3*C*eOO*^  — 

Ui OB Ni O' 'VI o^ac'>* -s'" NiO'*''  -n^ V* Jou»-s^^  Ow-sNi  j“0 i:» 

o 


ut 


Ni 

Ni 


NjNi'sjPVNjfsj.V 

«•••«•• 

V)«£'Oo:-sC‘0‘ 
O*  O' 0“  Ul  V>i  NJ  »" 


ODODOD-S-S 

•  •  •  •  • 

N.»»^^0*-S 


■sC  C 

•  *  X- 


R/V  ACAHIi  07  /IJG  /  09  AUf,  /9  CHEMICAL  ‘'E  SDSCA  t=  ( f  RD 1  Vt  I  I  ) 


r* 

M 

o 

N) 

rz 

rnO 

Ul 

(/»•-• 

•>«l 

-«-« 

• 

C 

n 

m 


n 

.n 


XCD«^C 

.  . . .  22 

4'ti/)C'C.' 9'-«»tj^C,<,3rc  -A' 


OOOOOOCCOOOOOuC 

»•••••••••••••  2-3 

oooooooooooooi?  ::3 


noooooooooooooooooooooonooon “>x->on0f30ooo->.">oc3oor>0'5r5->r-i  «n 

.  . . . . . . . . . 


VI 0\nx •«•»/“ ^  i- j'X'  •f'X'^vr-V'v."  jivjivjios--  x*  J'-J'  x  x  —  r 

•  •••••••••»••••••#••«••••#•••••••••»••••••••••••••  .')2 

uiikiu:vwui«uvw^ww<*>'ojo.*iw%A{\«).«^  WvwrVtf  .u^  v>  V'vj'w’^  viWiT  ^ 

o 


R/\(  ACANIA  CT  AH';  /  09  AUr,  79  CHEHICAL  MtS'JSCAL  E  (C  RJ 1  S '  VIII) 


o 

«o 

o 

o 

o» 

o 

OH 

X^ 

o 

o 

hx 

m 

w 

w 

r 

SJI 

2> 

OH 

u» 

T)«m 

0^ 

fSJ 

hH 

• 

• 

ZC 

o 

o 

X 

m 

V 

< 

►- 

f" 

> 

rsi 

M 

o 

o 

ro 

Nj 

r  2 

> 

me 

2 

> 

t/»^ 

<A 

-4H 

r* 

• 

• 

c 

a 

o 

m 

^  ^  vJi>jrNj  •-« 

il 

o 

m 


^<3a^x^w^►“o 

cs>  Ni  <c  c  ^  c  ^  e  a*  o  o- 


OOOOOOOOOOOO 

•  «•«•«*••••• 

O  O  o  O  >0  o  ^  <0  <0  ^ 

C%  —  OC^^IMOW*" 


^  £C  «*4  «J>  \>j  I V  ^  >jk)  V» 

oooooooooo 

•4  *4  M  a  CB  QC  *>4 

<£  *>«CC  N)  sj)  ST  a  o  r*  N/t 


UiUtt^WWwC  ‘^IUJOJijjU!  Z 

•••••«••••• 22 

,ji^u.‘^oce:u»^-^-c  r? 

^  ^  9-  "N  Ct.  auM  JCl  U'  hW 


000000000002 

•  ••••*••••«  *^0 

oaOac3>^^  aoo^ '  ^ 

•T'Jt  -f* 


•  •«••••«•••• 

O O O  O  <J*09  «4  ^  ^ cs  ^ 


^  ^  c^  ^  v;»  >  \/» 

•  «•••••*•• 

.^  WNl  ^  CD 


z 

zc 

WW'4i*^WU^<^W'^  ww  Z  ^ 
•  •••••••••• 

ao«40-  s/ii^«N;Qur>U'Ni'v« 
■o;c 
U*-' 
♦'‘-i 

o 


2t£» 
OH 
V  o 


O 

> 


c 


n 

> 

r* 


5^ 

Crt 


1 

o 

;o 


ooooooooo^noooooocooooooooooonooooooooooorjonooori^^—  m 

sAxaoc:,  x-aJX.'raa‘^u:^-*ll-g-4^•>o<^C‘f^  .>?•;^c  j'tT  ^7'^~^n:s  jd:^  o^c^oo^r* 

>>> 


^  j''j*  j»vxvrvru,vr  *’  *' 

••••V  ••*••••••••♦••••••••••••••••••••••••••••••••• 


n 


85 


s 


S-4X 


u» 

w  r- 

gi 

U‘Z> 

C-4 

#• 

(\JT** 

fS3 

C-4^ 

• 

•  zc 

o  o 

33 

m 

N,. 

< 

#• 

N*  r* 

t» 

(^3 

rv3  o 

\*i 

ur  z 

*» 

TTO 

4/1  •“• 

Ml 

« 

Pa-4-4 

> 

• 

•  w 

•«3  n 

m 

0000'0'C^<^'^%^<0«£^^  <0^  ^A^coc  xajSXCOCOScsACSXS  «.< 

^j^OOO*CX*4-4C‘S^'Jt^X'W(V|(^i  -OO'C®  »'-<-i4C‘\J''J>^^s>»W  ‘'i.N»^*— Xw-J'^C^C'  •Tv/s^  «/* 

^0^10^*40^33 jiiO>‘SiC'OW«>4*"*4^Sl^<J^Oi^O'0^**4^Xu«a.^'0^0^  ^  I* 

2  O 

o 

•71  V 


o 

—  o 

52  > 

o  c 

w  D 


c 

I’D 

•  O 

o 

X 

'»» 

5 

o 

> 

z 

zc 

r- 

OH 

X 

u>  ^ 

m 

v» 

-o^> 

o 

o** 

»/> 

r» 

— « 

f' 

o 

f- 

ii( 

r* 

X' 

z> 


ooooooooorjoooooo.'>oooooooor3Coooooooooor*oo->oocr> oncor»  art 

.  . . . 

*iwvf>V^C1  ^  ^  ^  WW  iw  .j4  X  ^  W'-^  V'  ^  *  w'  .'■  X«  'V-'^ 

^nP  X>  ^fNJO^  «*O0o<»'.-4i**O00'*<<s/:"4>X‘  ><^^4r^•;.*W  .ti  *4 -*■  &  O  O^OiA,  X  wC  o«:  ^ 

UJ^ 


vj<s/’v;»vr.«j*vrviN^  X*-*'X‘X‘X‘  X'X'X'X'X* 

•  •••t««4«*»«**«**««««*«»*»««**t»*«*«*«*t*«*««***«*0*- 

^^»*00000i/)>0  4^'0  va>  «.XC»*«^0  V^^X»^X^X»X^WV^J\Xs*B»mX4^00*-^»-^4^J^^  ^ 

o 


..  .  .*  ...  > « ... 


86 


TIMt  LATITUDE  LONCITUDE  DISTANCE  N(13  l'04  NUTk. RATIO  ATP  l.MI.  A  TT  kP 

GMT  NORTH  WfcST  KM  tIM  MH  W>/P04  NG/L  Oj-j,  i 


onoooo  oooooooo  oooO^-»-  - 

•«««•«  «•••••«•  •••••••••*••••••• 

ooB^<«Sono^O;5 ^r> 


•T'r^^O^O-  ^'^O0‘\Jl-J*\fi\r\J‘’>Ti\J‘'-J‘  jhJ''/‘S.'»v/;\J*.>J"J'vJ^ 

'jfaiNJ-NaiSi w  ^vr ( pvJtovr vn  Ji«j^ 

n 


i 


TIME  LATITUJE  LONGITUDE  OIST^^lCE  MC<  P0'»  NUTP.96TIO  ATP  rut  »  temp 

GMT  NORTH  WtST  km  |im  ijm,  Nn3/pn4  NG/L  vr,/-i3  0' r 


o 


9. 


W 


N> 


N> 

W 


CH 

a-<-« 

•  ic 

VI  D 
fT* 


49>ou<**4^^;s 


•4 


O 


oononnoonoonoooooooo 

A  JBCdU>%i3-CCD  A  ■O 


V 

V 
< 


^  n 

rs»  o 

o 

wrz 

t* 

ms^ 

•  c 

uf  n 
m 

»^J^J^J  '3 

o 

■>0‘C' 

-J 

--'40*0' 

•  t  •  T-* 

> 

•VX'O'V  s> 

* 

o 

'n 

60  / 

■>.^srC 

*  •  • 

Kf»c:C  ^ 

ccc^  W 

<n 

-g 

c 

OOOOOOOOOOCi^C 

•  •»•••«#••••  ‘3'? 

u>tinvtvrvj)U'sjtvr<^,p£ff';*  J 

d'i'w  ^ 


zc 

Q(  9  s  QB  K  ^  3  C  ^  cs  C -4 

#•••»••••»•• 

w  ^  ^  ^  O' 'A' ^  O  W  ^ • 

■o  JC 

^  *4 


z> 

c>«^ 


0o00O0r>0'-i0v-^0n0  3<r)0000r>oC000  2.“> 
r«jrs)rsd.'v''.fNi^  ■tf'  X'  ^  ■N.f 


r» 

> 


s 

.rj 

tA 

tT* 

> 


r» 

X 


i/» 

.T1 

< 


*>  C*'  f>C‘  •'4»«4-4C‘0''^  C'*'^  y  ^C"  ■*’ 

•  ••••••«•«•••••••••••••••••(••  C)^ 


89 


o» 

Ui 


W 


u> 

fVi 


TC  — 
IH 
2C 
C 
m 


o* 


N) 

w 


r*C> 

(/>M 

•H-4 

c 

o 


CaWLh  WU^W.'iWWW  .w\>)WWU>LMWWU>l,M(ja  wOmi  J  Ui'jto^^U>W  WW  ^U»0»'N.  Pw’  'J-vl  "3 

iJ^W C  C  j;  •«**  ^yy 

^  »i.  '*C‘  5?-* 

2 

o 

n 

C'O^a^^^O  *^03000000^^  oco^oooooo*— *^0000  ^ 

C‘W*<^O^^K)4ji«v^iri»^CMWM^  CliCw  «i«C  Cm 


o 

o 


o 


000000 0000c oocooc 00 

•  •**•••••••••••***• 

^v»^VMUlw^**\^^s><^^^-^.l^^  'Jrs.iV  s*N;hj/v» 

vro>J‘In;(s>nj^C‘ 


00000 o o 00c 00 oococ 

*•••••»•••••••••  5-^ 

fvN>(s»  '^NiN>r\jrs>  viNjiVffs*  c 

^./i  w  a.  V*  ^ 


^  sT  W  ^  ^ Ui^  W  W  W  V>*  W  *4)  W*  ^ 

•  •••♦•♦••••••A***** 

VlN>OwO**'N)^OC^ •tiC 


z 

wwcM^www  ji^ow^cc  00c 

. . 

ocwgio^v/‘W'>’0^4*coooox« 
*0  o 
o> 

**H 


o 

> 


W 

pm 

OJ 

0 

0 

Ml 

e* 

rv 

OB 

v.;i 

• 

• 

• 

• 

• 

o 

0 

© 

0 

0 

o^r* 

»o-< 

or* 


ooooooonooooooo'ioooooocooortoooo  oooooooooooooo  0000  «  ^ 

*  **<'^  •***^***^  *>  "^^ 'i' jv<NrfNiiofNit\,rsj^ •• 


'j'vnv/’sT  ^Cc-tC'^^c  -i.  -1 

*  •  ••••••••••••♦♦#•#•••♦♦♦*«»*#**,*, 

x'•s^c^a»^/>f^o•,,*v>c  ofvj'oar  or»  00000  -— *-  o 

o 


90 


u> 

w 

Kj 

w 

• 

• 

t\^ 

N? 

U 

UJ 

w 

Nj 

• 

• 

x« 

»WWu»Wuj^‘UJ«^  WWUiW  •>iOjU>>U>U''*>>->;t*'U<U4;>)^  W 

-«jo^a)^'%n'0‘'^<>Ow«»»'~‘X‘ j>Ni'j»-C'>*C‘Ox^*^^<j)ic*fs>0'  -c  wiN;^o»*»-«i<^  X'  X  w* 


ocoo 

•  •  •  « 

oooo 


03C0 

•  •  •  • 

Ow 


oooo 

«  •  •  « 

oooo 


*— 

-4 

o 

o 

<0 

>4; 

o 

o 

aO 

(M 

9> 

OD 

p» 

x> 

o 

Of 

•*4 

c» 

w 

-*4 

w 

w 

« 

• 

• 

• 

• 

• 

• 

• 

• 

O 

o 

o 

o 

o 

o 

o 

o 

o 

OOOOOOOO. TOOnOOOOOOO  “300000000000  OrjOOCiOOOOC-— oooo 

wWui)W><r  x**x*X'x»J*  n3*C'\r'J'vxvr-.nJ>v>»/‘.'>f*‘7‘.>vi\^\/iJ*-a  a;^00>5“f>3'0  &  :30«o.««*.>-««-jO 
UlO«*4'C  OOvji^  W*>4  JSOC'Or‘'J'</'>j;.' wGD  O  'C  iC  ^W**«'^**4Jb^M3  O  <«3  V! 


C* -N  w  O  n  •  o  v'  j»  VJ1 V/"- nji  ,/» \r  vr.  ^  v;*  •J’ N.nLi»  s/1  vr  NiT  v/' vx*  \/*  N./' 'J' o  <J' sT  Cl  v/i \J»  •*»  vT  vT  • 

aooooo.  •X'O'ji  v’^Krk/»v/iv«‘V''ji%f\/i'*i'»r»ji  x*  x^x*  x^vuvno 


91 


TIME  LATITUDE  LONGITUDE  ()IST\NCE  N03  PDA  NUTP. RATIO  ATP  TML  A  T;  •'C 

CMT  NCRTH  rest  KM  UM  UM  N03/P04  NG/L  wr/MT  Hi G 

3?9.6  n.MT  15.6 


rsj 

u» 


K> 

K) 

O 

O 


ro 


H- 

Oa 


Lic-« 


*> 

Nj 

o 


u 

4^ 


Ui 

w 


u»  ^ 

OM 

WT’-^ 

o* 

•  xc 
w  o 
m 


UI 


M 

►- 

Kj 

rsj 

rvj 

w 

w 

u 

UI 

ui 

UI 

Jx 

UI 

• 

• 

• 

•d 

r> 

o 

fs.  a 

U>S2 


c 

CJ 

m 


UiWWW  >)UwU>U«W-MUfW>.*lW'  -•  iJ.h»CMWU:U<W>^U)U>W  jJ 'A>UfUt W  LJ^aI'  hILJ  WL^  3 

JO  »a  Jtxrxsc&cict '2:a.xj5C3'«*rf-^-4-M-*-«<<w-^-*--^-.d-o-,d‘««i.*o  -4^  C'^C'C'  -• 

• . . . . 

n 


t^4^^vrx')SjroN>'Njr\jr\jbJN> 

M  fNJ  vjl  N;  O  X  C- xC  3  w  ^  ^  w  sj' ^  w  O  w  ^ 


ooooocooooooooo  0  2CC^C: 


•*••••••••••••••••• 

ooooooocooooocoooorj  n 


OOOOOCOOOqoOOOOOOCOwO 


OOOOOOOOOOOOCCOO  3C  Ow 

•  ••••«•••*•»»•••••*  JSQ 

UtUlmUIUl^^^U:  >v^vji^\r  -/iv^  X  3 


UI  UI  Ox  OMxP  w  W  Ui  W  W  U)  ifx  ^  ^  Ijx  V/l  UI  UI  UI 

•  «•«•••«•••••««•••«•» 

O  ^  *>**•>*  3  3  <S  tfx  U*  W '>>««»  UI  O  ^  s»,  UI  ^  > 


2 

ZC 

'OOOOCOOOOCOOOOOCOOC  x-< 

OOOOOOOOOOOOCOCCOCQX« 

O  r 
zi> 


a 


►* 

ru 

o 

c 

o 

» 

o 

•o 

•4 

w 

M 

Ox 

UI 

u 

UI 

»» 

Jt 

z> 

UI 

UI 

xO 

l-u 

!Sl 

0-1 

• 

• 

« 

• 

• 

• 

• 

• 

• 

X.'O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r" 

o0r)o0ooooo0r>'-^oo0  3CD0Or5O0v0C00  0o0ooon0  00  0  3nr.0000nr»x^0o  x“> 

•  •••••«•••••••«••••••••••••••••••#•••••*••••••••••  rt*: 

\jiX»^Uxu-f'Xx^^xxU*X‘X-  ^ w.x/U -i.*Nji\;rvj  m ^ 'j ^v -N)  •j  uvw  j.  >1,^ 

00'f>JO-JW.ixC'UiUIU*x>'Ux  S  -•  "-w  X-C  COX-jx  'UI .'x  ^ -M u;  -  -SJ*'  S 

UI  > 


^uiOx-u^jx^xu-^-uw^oxixw^ 

-  ■  ■  ■  •  -> 


92 


P/V  ACAHIA  Of  t'JC.  /  09  l^Ur,  79  rMEMICAt  Hfc  S'iSCAL  E  (C  RU  I  S  i?  VIIIJ 


^^^-*—^00000 oc  '30000  OOOOOCOCOOOO 

*x4tJ’0«4Wf^*^OOOOOCOCOOOCCCOOOCOOOO 
tO  O  ^  W  O' 00  Ct ^  O' ^ ^ 


OOwN- 

C3 


OOOOOOOQOOOOOOoOwOOOOOOOCCOOOOOwOOOOO 
«4(^O‘O'O'^O'^*'<4>0'O-^o^O'O'O  0'^0‘0^0'OC 

O’^'O'CODgco^'i^'CsS  <Cv>ri<vN:p-*0‘ 


ocoooc  z 

•••••• 2^ 

oc'C'or^*^  o 


^JNfsjfNJNNjMlSj.'V'V^P-COOOwOOOOOOOOOOOOOC'OOOOOO 

*••••••«•••••••••••••••••**»*•••••••• 

aB<xv(v»/lN)Ow^sn  >iO^W'*JiN>OOOOCCOOOCOCOOOCOOCQOO 


z 

zc 

•  ••••• 

ON)N<^-‘^s/''V* 

'C.’S 

c> 

X'"  -< 


o 

09 


X 

CD 


z> 

53 -« 


R/V  ACANIA  07  71)0.  /  OS  AJ>i  7S  CHtMICAL  M  tSOi  CAL  F  (  CR  J  '  S^  VI  M» 


T 


I 


I 


I 

I 


E 


o 

OH 

H- 

o 

o 

-4Z 

m 

Ui 

n 

z> 

OH 

ST 

X  — 

-g-« 

« 

2C 

O 

n 

n 

rs> 

o 

u* 

rr 

oo 

Ul 

CD 

-1-1 

• 

c 

►- 

o 

IT 

V/»'J'Vr\/i'«n'»r.<J'0»J’  U>UI  *»U>uJwUJulU>>>>UJi»';jj*>*f\J'’JN;'Ni!S3N,*^.'v  g 

\/\<Jt^  QDOD**^C'tJ' 0'4SJi<X"«i*0'0‘\jl^^  w«i  WfNj'^^O 


J3'^Vin<£iSi»o^o  o w-^o a. 


n 

m 


VJ»  O' flc  O  O . '  >  &>  O' -g  s£  O' -»i  IS- C  v/1  w  O  X  ^  O  »*.' O  O  u  •  •- -g 

«C  A  ^  ^  O  ^  ^  ^  A  O' ^ 


^-»-.s>N/fS.»C 

•  •  •  •  •  £Z 

KjOsOr— O  w 
p*«C*^Oa  W 


00000000 OOOOQOOOOOOOOOUOOOOO 

a)3a3aDODOAO^'V'^AAAA^O<^C<S3A*4>«4CDA-g*g 
V/>  V' ^  A  O  ^  fSi  ^  O  -N  A  •<' Sk  fs;  c  •*• '*' O  •  •  Cc  O O  tc 


coococ 

•  •  •  •  •  'C  *9 


i 


I 


^0'C^«gC^  ^^'^WUiwNiNJ 

OO^JC^\^4*CBO•g^^ 


2C 

^N>\JWfsgC  — 


•  •  •  •  •  w"*: 
0D*g«OO«fiV» 
^73 

o> 


o 


^> 
O  H 
s*  -O 


E 


OOOO  OOOOOoOO  OOOOOOOCOOCOOOOCOOoOO  000000. ->o  D  Ooo  nnoc  O  ^ 

^QaOD-g  J0«g«g  A-g-gA  A  X-i.?t;w«g^J‘i>'>J  ^0'.>w'  J'\rAA'-ns/i>n'J‘»/i  <■^w'••A<J^^^v’‘«‘to.i^^'  >\nju*'v“" 
03  go's  OAA«^Ag3A*>^sg\>/C'\gu>vgwOOOOOOO'0&  v^w1<«4  v'v'gj. 


'000fl3-g»nj*^0>fl0  0  •»ig  gwX'  w<Tv;»fs*-g  J>-.  wsg^  •'vn^rc  vj^?*  o  ••gOnao  XiaCD.o  A  s  g^O—  **C  n 

V~» 


k 


94 


k/v  ACAMA  0/  A'K,  /  Q'J  AUG  79  CUFMICAL  nt  S'lC  C  A  LF  J  f.  RD  1 9  VlIM 


o 


u> 

o 

o 


CD 

o- 


Np 

U 

N) 

• 

QD 


flDaD05ao:Q3a3CoccJEafcD-^-^-^-^*s-^*^'»j*^-»j-«g-^-^-j**-^C'^C‘^C‘0'0‘j'0‘>^^(?“C'5»C'Ln'-f*vjiOw“ 
•«^C^C^  -JN.N-^0'£«Ca.  ^l\i»-J^C)wOJ5C0-^-« 


^3iSi<wn'£u)v7‘C<^*«4  —  vj<«-c^j0'Cu*-^0  ■#‘C5«-*w:^.'VO‘Oi.i>i 


•  •••••»•••••  •• 

^ «gCO  O^  V>^N)^Lm  *^0* 


OOOCCOO 


COOOCOOOCOOOOO^-^-^ 

•  •«•*••*«••••♦•»• 

0'£'£4d^O'0'0'AOO'^ 
snw^'0^rv>7)v'\^w*u»'^'^  X  ;«^  OO 


OOGOOwCOCC-OO  OO 

•  •••••••••••  •• 

-attODCb  AOD&S'SXOC  J3  XX 

•^OV^N/lW^’^XVi'^WVlX"^  WX 


fsiN)fV.;fSJPsjfSi,rj  N»'NiNi*WUU<'^^WW  *  W Uv ^ ^ O' ^ yj» 0*0* 

«••«•««  •••••*•»•••••••••  ••*••#••••••  •• 

Ofs.»W’^'*/'.^'CC‘-g«£0N)i<'?'vJ’0'0  WwfNJWC'^tts2VJ'*-<«**^  ■CO' 


►-r-^-— w  ^ --—C  C000r>cn>0  00r>00: 


or>r>oo~no 


rs;^sj^oooo oocj^ov*»c)wooo 3 «c  rj*. 

O •4**^ ^  ^ 'fi  w c  «i 'J' ^ X j; 


^■Nj^^oOwXo  304^4^r**-*5^v"*T»rt.x>^^v.C'’.k'OW' 

rt 


95 


TIME  LATITUDE  LnNr.ITUUb  DISTANCE  NC3  Pn;,  NUTP. PATIO  ATP  rM| 

r.MT  nORTH  LIST  PM  UM  UM.  N''H/P04  NG/L  "■'./ 

0200  3e«  l.'i  123  31.7  436.'*  3.65  O.ttS  6.6  ''.i 


yi 


m 


t 


w 

W 

r* 

VI 

v» 

z> 

Oh 

»•- 

M 

O' 

HH 

6 

• 

zc 

«<» 

o 

« 

fr 

< 

P^ 

M 

r" 

fo 

M 

n 

V) 

U> 

£Z 

> 

me 

•V 

k« 

V**- 

M 

«J 

HH 

> 

• 

• 

C 

W 

o 

m 

^^^*^^ooooooooooooooco*)^o<c-^^.«c«cc^c^^^»e»  — 

o 

m 


5> 


O 

<0 

9oe=»c 

• • • • zz  > 

ooot^  n  c 

«  o 


0009C 

•  •  •  •  Z'^ 


^9eH'  ^ 

n 

z 

m 

Z 

o 

> 

z§ 

r 

OOOMC*^ 

z 

•  •  •  •  wV 

m 

OOO'CV* 

c** 

^H 

rv 

» 

o 

n 

m 

r> 

JO 

w 

2> 

M 

0-1 

1^ 

V 

f 

m 

< 

M 

ez 

^r- 

z 

w  t» 

^^«a>Ww.M\«i«**^U>^^9O^**^^0''^0000Co0900000( 


96 


R/V  ACANIA  07  AIIG  /  04  AUG  79  CHEMICAL  MtSilSC  ALF  (CRilt  VII  1> 


s 


8:2 

m 


w 

m 


w  f 

WSPM 

UI-4«4 

•  xc 
o  o 


V 


N>  e 
wrz 
mo 

f-3 

0*  n 
m 


•  ••••••«•••••••••••••••••••••••••••••••••#•••••••• 

f> 

m 


c 


^s 


ze 
02 
Ml  ID 

K* 

SS. 

#•-« 


2> 

O^ 


xn 

ox 


•  •••••••••••••••••••••••••••••••••••••••••.••••••A  -^  < 

O 


98 


R/V  ACANIA  07  A'JO  /  09  AUG  79  CHEMICAL  MES'lSCALcICRUI  SE  VI  I!  I 


1 


ATITUOE  UONCirUDE  PI  STANCE  N03  P04  NUTft.RATIO  ATP  CML  A 

north  mEST  km  UN  UN.  N03/P04  NG/L  t>G/M3 


i 


ffi 


w 

9^ 

2:> 

OH 

»•- 

W 

HH 

• 

ZC 

c 

m 

r* 

tst 

O 

M 

rs 

Ul 

Vl« 

^i 

HH 

• 

e 

K» 

o 

m 

4«^4^4k^4•^^>4»UlWUlW4MU»W^WWWwwW^MWMNl^>^J^i■'i^J^Jf>J^J^i^'J^»^g 

•  ••••••••••••••••••••••••••••••••••••••••••••••«*«  X*^ 

z, 

n 

m 


C 

*s 


o-« 

w:o 

&> 


*l» 

x^ 


«n 

ox 


«••••••««••#•••••••••••••••#••••••••••••••••••*•••. '*VjC 


100 


R/V  ACRMA  07  Aor.  /  09  AUG  79  CHEMICAL  MESOSCALEI Cnill SE  Vtlll 


^VN W  ttw W  4»  ^  ^  Jk  ^ Wv»*w^  »* W vt'  ^W w»** 


R/V  ACAMA  OT  f'JG  f  09  A'JG  79  CHEMICAL  MESOSCALriCHU ISc  VIII  I 


APPENDIX  B 


5*”* 

H 


R 

a 


I  >1 

a 


•  ? 


2^ 

IS, 

1  MPR 

1979 

• 

• 

• 

2  rwR 

1979 

• 

• 

3  MRR 

1979 

• 

• 

• 

• 

4  MRR 

1979 

» 

• 

• 

5  MRR 

1979 

1 

• 

• 

6  raw 

1979 

• 

• 

7  raw 

1979 

• 

• 

8  raw 

1979 

• 

9  raw 

1979 

■ — r- 


•& 


10  riRR  1979 

■il’'iiiFiR'"i’979” 

i2lfiR"l979^ 

I3"wiR"'l979‘ 

l4“tiR'i"979' 

’i‘7*ilRR"i979“ 


-a 


. V . 

m _ 

. 


..y.. 


‘1*‘ 


. A . . 

t 

• 

. . Y . . 

. {■ . 


19  MflR  1979 
MlifiR"i979‘ 

"22 '‘riRR'"i979‘ 

'W'mklm 

24  wiR"  i979^ 


102 


18  APR  1979 


19  RPR  1979 


20  APR  1979 


21  APR  1979 


22  RPR  1979 


20  MAY  1979 


21  MAY  1979 


22  HAY  1979 


23  HAY  1979 
"24  HAy‘i979’ 


25  HAY  1979 


26  HAY  1979 


28  HAY  1979 


29  HAY  1979 


30  HAY  1979 


VERT  varc 


Jllllll 


BIBLIOGRAPHY 


1.  Anonymous,  Technicon  Industrial  Systems  Technical 
Publication  No.  TA  1-&170-20,  Operation  Manual  for 
the  Technicon  Auto  Analyzer  II  System,  197Z. 

2.  Anonymous,  Technicon  Industrial  Systems  Industrial 
Method  No.  177-72-WM,  Ortho  Phosphate  in  Water  and 
Seawater ,  January  1973. 

3.  Anonymous,  Technicon  Industrial  Systems  Industrial 
Method  No.  17S-72-WM,  yitrate  and  Nitrite  in  Water 
and  Seawater,  January  1973. 

4.  Anonymous,  Technicon  Industrial  Systems  Industrial 
Method  No.  100-70-W/B,  Nitrate  and  Nitrite  in  Water 
and  Waste  Water,  January  1978. 

5.  Bakun,  A.,  NOAA  Technical  Report  NMFS  SSRF-671,  Coastal 
Upwelling  Indices.  West  Coast  of  North  America  1946-'/l, 

6.  Banse,  K.,  "The  Nitrogen- to-Phosphorus  Ratio  in  the 
Photic  Zone  of  the  Sea  and  the  Elemental  Composition 

of  the  Plankton,"  Deep  Sea  Research,  V.  21,  pp.  767-771. 

7.  Barton,  E.  D. ,  Huyer,  A.  and  Smith,  R.  L.,  "Temporal 
Variations  Observed  in  the  Hydrographic  Regime  Near 
Cabo  Corbeiro  in  the  Northwest  African  Upwelling  Region 
February  to  April  1974,"  Deep  Sea  Research,  V.  24, 

pp.  7-25,  1977. 

*8.  Broecker,  W.  S.,  Chemical  Oceanography.  Harcourt  Brace 
Jovanovich,  pp.  9-13,  1974. 

9.  Bower,  R.  L.,  Gohrband,  H.  S.,  Pichel,  W.  G. ,  Signore, 

T.  L.,  and  Walter,  C.  C.,  NOAA  Technical  Memorandum  NESS 
78 ,  Satellite  Derived  Sea  Surface  Temperatures  from  NOAA 
Spacecraft,  pp.  1-12  and  55-59,  June  1976. 

10.  Butler,  E.  I.,  Knox,  S.,  and  Liddicott,  M.  I.,  "The 
Relationship  Between  Inorganic  and  Organic  Nutrients  in 
Seawater,"  Journal  of  the  Marine  Biological  Association 
of  the  United  Kingdom,  V.  59.  pp.  259-250,  1979. 

11.  Cheney,  R.  E.,  and  Winfrey,  D.  E. ,  NAVOCEANO  Technical 
Note  3700-56-76,  Distribution  and  Classification  of 
Fronts ,  p.  206,  August  1976. 

^Background  literature  not  cited  in  the  text. 


108 


12.  Codispoti,  L.  A.,  and  Friederich,  G.  E.,  ’’Local  and 
Mesoscale  Influences  on  Nutrient  Variability  in  the 
Northwest  African  Upwelling  Region  Near  Cabo  Corbeiro," 

Deep  Sea  Research,  V.  25,  pp.  751-770,  1977. 

13.  Codispoti,  L.  A.,  Dugdale,  R.  C.,  Minas,  H.  J. ,  "A 
Comparison  of  the  Nutrient  Regimes  Off  Northwest  Africa, 

Peru  and  Baja  California,”  CUBA  Newsletter,  V.  8, 

pp.  2-25,  January  1979. 

14.  Dugdale,  R.  C.,  ’’Nutrient  Limitation  in  the  Sea:  Dynamics, 
Identification,  and  Significance,”  Limnology  and  Oceanog- 
raphy,  V.  12,  pp.  685-695,  1967. 

15.  Dugdale,  R.  C. ,  and  Georing,  J.  J.  ,  ’’Uptake  of  New  and 
regenerated  Forms  of  Nitrogen  in  Primary  Productivity,” 
Limnology  and  Oceanography.  V.  12,  pp.  196-206,  1962. 

16.  Fairbridge,  R.  W.,  The  Encyclopedia  of  Oceanography, 

Reinhold  Publishing  Corporation,  1966. 

17.  Fett,  R.  W.,  La  Violetter,  P.  E.,  Nestor,  M. ,  Nickerson, 

J.  W.,  Rabe,  K.,  NAVENVPREDRSHFAC  Technical  Report  No. 

77-04,  Navy  Tactical  Applications  Guide,  Vol .  II. 
Environmental  Phenomena  and  Effects,  pp.  3B-6,  January 
1979.  “ 

18.  Holm-Hansen,  0.  and  Karl,  D.  M. ,  ’’Effects  of  Luciferin 
Concentration  on  the  Quantitative  Assay  of  ATP  Using 
Crude  Luciferace  Preparations,”  Analytical  Biochemistry, 

V.  75,  pp.  100-112,  1976.  - 

19.  Holm-Hansen,  0.,  ’’Determination  of  Microbial  Biomass  in 
Ocean  Profiles,”  Limnology  and  Oceanography,  V.  14, 

pp.  740-747,  1969. 

20.  Huyer,  A.,  Smith,  R.  L.  and  Pillsburg,  R.  D.,  ’’Observa¬ 
tions  in  a  Coastal  Upwelling  Region  During  a  Period  of 
Variable  Winds  (Oregon  Coast,  July  1972),”  Tethys, 

V.  6,  pp.  1-2,  1974. 

21.  Huntsman,  S.  A.  and  Barber,  R.  T.,  ’’Primary  Production 
Off  Northwest  Africa  the  Relationship  to  Wind  and  Nutrient 
Conditions,”  Deep  Sea  Research,  V.  24,  pp.  25-35,  1977. 

22.  Jones,  P.  G.  W. ,  ’’The  Southern  Benguela  Current  Region  in 
February  1966:  Part  1  Chemical  Observations  with  Particular 
Reference  to  Upwelling,”  Deep  Sea  Research,  V.  18, 

pp.  193-208,  1971. 

23.  Kelly,  J.  C. ,  Whitledge,  T.  E.  and  Dugdale,  R.  C.,  "Results 
of  Sea  Surface  Mapping  in  the  Peru  Upwelling  System,” 
Limnology  and  Oceanography.  V.  20,  pp.  784-794,  1975. 


109 


Legeckis,  R.  V.,  "A  Survey  of  Worldwide  Sea  Surface 
Temperature  Fronts  Detected  by  Environmental  Satellites 
Journal  of  Geophysical  Research,  V.  83,  pp.  4501-4523, 

20  September  1978. 

Lorenzen,  C.  J.,  "A  Method  for  the  Continuous  Measurement 
of  In  Vivo  Chlorophyll  Concentration,"  Deep  Sea  Research, 
V.  IT,  pp.  223-227,  1966. 

Paulson,  G.  P.,  A  Study  of  Nutrient  Variations  in  the 
Surface  and  Mixed  Layer  of  Monterey  Eay  Using  Automatic 


ysis  Tecnniques,  Master's  Thesis,  Naval  Postgraduate 
School,  Monterey,  California,  September  1972. 

Redfield,  A.  C.,  "On  the  Proportions  of  Organic  Derivatives 
in  Seawater  and  Their  Relation  to  the  Composition  of 
Plankton,"  James  Johnstone  Memorial  Volume,  University 
Press  of  Liverpool,  pp.  176-192,  1934. 

Redfield,  A.  C.,  "The  Biological  Control  of  Chemical 
Factors  in  the  Environment,"  American  Scientist,  pp.  205- 
221,  September  1958. 

Redfield,  A.  C.,  Ketchum,  B.  H.,  and  Richards,  F.  A., 

"The  Influence  of  Organisms  on  the  Composition  of 
Seawater,"  in  N.  M.  Hill  (ed.).  The  Sea,  V.  2,  pp.  26-27, 
Interscience  Publishers,  1963. 

Reid,  J.  L.,  Roden,  G.  I.,  and  Wyllie,  J.  G.,  "Studies 
of  the  California  Currents  Systems,"  California  Cooperative 
Oceanic  Fisheries  Investigation,  Progress  keport,  pp.  2^-56 
1  July  1956-1  January  1958. 

Richards,  F.  A.,  "Anoxic  Basins  and  Fjords,"  in  J.  P.  Riley 
and  G.  Skirrow  (ed.).  Chemical  Oceanography,  V.  1,  Academic 
Press,  pp.  611-645,  1965. 

Riley,  J.  P.,  and  Skirrow,  G.,  Chemical  Oceanography,  2nd 
Ed.,  V.  3,  Academic  Press,  1975. 

SCOR  Working  Group  36  (with  ACMRR  and  ACOMR) ,  Coastal 
Upwelling  Processes,  Report  of  2nd  Melting,  Kiel,  FRG 
24-28  June  1974,  CUEA  Newsletter,  V.  4,  pp.  12-20, 

September  1975. 

Shaffer,  G.,  "On  Quasi-Steady  Three-Dimensional  Coastal 
Upwellinc  Circulation,"  CUEA  Newsletter,  V.  5,  pp.  25-29, 
March  1976. 


Sherman,  J.  W.,  Ill,  "Current  and  Future  Satellites  for 
Ocean  Monitoring,"  In;  Proceedings  of  the  Eleventh 
International  Symposium  on  Remote  Sensing  ot  Environment 


nvironmental  Research  Institute  of  Michigan 
Michigan,  V.  1,  pp.  288-299,  1977. 


i 


36.  Smith,  S.  L.,  and  Whitledge,  T.  E.,  "The  Role  of  Zoo¬ 
plankton  in  the  Regeneration  of  Nitrogen  in  a  Coastal 
Upwelling  System  Off  Northwest  Africa,"  Deep  Sea 
Research,  V.  24,  pp.  49-56,  1977. 

37.  Strickland,  J.  D.  H.  and  Parsons,  T.  R.,  A  Practical 
Handbook  of  Seawater  Analysis ,  J.  C.  Stevenson  (.Ed.)  , 

Queen's  Printer  and  Comptroller  of  Stationery,  pp.  49-62 
and  71-76,  1968. 

38.  Sverdrup,  H.  U. ,  Johnson,  M.  W. ,  and  Fleming,  R.  H., 

The  Oceans,  Their  Physics.  Chemistry,  and  General  Biology, 

Prentice  kail,  1942. 

39.  Thomas,  W.  H.,  and  Siebert,  D.  L.  R. ,  "Distribtuion  of  * 

Nitrate,  Nitrite,  Phosphate,  and  Silicate  in  the  | 

California  Current  Region,  1969,"  California  Cooperative  j 

Oceanic  Fisheries  Investigations.  V.  20,  June  1974.  I 

40.  Thomas,  W.  H.,  "Phytoplankton  Nutrient  Enrichment  Experi-  i 

ments  Off  Baja  California  and  in  the  Eastern  Equatorial  I 

Pacific  Ocean,"  Journal  of  the  Fisheries  Research  Board  i 

of  Canada.  V.  267"]^.  1131^X45 ,'  1969.  j 

41.  Traganza,  E.  D.,  Chemical  Mesoscale  and  ATP-Biomass  ' 

Correlated  with  Satellite  Imagery  of  Oceanic  Fronts,  I 

Interim  Report  on  Proposal  SuDmitted  to  Office  of  Naval  ! 

Research,  Code  482,  27  June  1978. 

42.  Traganza,  E.  D.,  Naval  Postgraduate  School  Technical 
Report  No.  68-79-008,  "The  Use  of  Temperature  and  Color 
in  Satellite  Detection  of  Ocean  Fronts  and  Eddies  for 
ASW  Applications,"  February  1979. 

43.  Traganza,  E.  D. ,  Nestor,  D.  A.,  and  McDonald,  A.  K., 

"Satellite  Observations  of  a  Nutrient  Upwelling  Off 

the  Coast  of  California,"  (in  press  Journal  of  Geophysical  ! 

Research) ,  1980.  ’ 

i 

44.  Treguer,  P.,  and  LeCorre,  P.,  "The  Ratios  of  Nitrate  | 

Phosphate,  and  Silicate  During  Uptake  and  Regeneration 

Phases  of  the  Moroccan  Upwelling  Regime,"  Deep  Sea 
Research.  V.  23A,  pp.  163-184,  1977. 

*45.  Wiebe,  P.  H.,  "Gulf  Stream  Cold  Core  Rings:  Lar^e  Scale 
Interaction  Sites  for  Open  Ocean  Plankton  Communities," 

Deep  Sea  Research.  V.  23,  pp.  695-710,  1978. 


Ill 


INITIAL  DISTRIBUTION  LIST 

No.  Copies 


1.  Defense  Technical  Information  Center  2 

Cameron  Station 

Alexandria,  Virginia  22314 

2.  Library,  Code  0142  2 

Naval  Postgraduate  School 

Monterey,  California  93940 

3.  Chairman,  Code  68  3 

Department  of  Oceanography 

Naval  Postgraduate  School 
Monterey,  California  93940 

4.  Director  1 

Naval  Oceanography  Division  (OP952) 

Navy  Department 
Washington,  DC  203S0 

5.  Office  of  Naval  Research  1 


Code  480 

Naval  Ocean  Research  and  Development 
Activity 

NSTL  Station,  Mississippi  39529 


6.  Dr.  Robert  E.  Stevenson  1 

Scientific  Liaison  Office,  ONR 

Scripps  Institution  of  Oceanography 
La  Jolla,  California  92037 

7.  SIO  Library  1 

University  of  California,  San  Diego 

P.O.  Box  2367 

La  Jolla,  California  92037 

8.  Department  of  Oceanography  Library  1 

University  of  Washington 

Seattle,  Washington  98105 

9.  Department  of  Oceanography  Library  1 

Oregon  State  University 

Corvallis,  Oregon  97331 

10.  Commanding  Officer  1 

Fleet  Numerical  Weather  Central 
Monterey,  California  93940 


112 


11.  Commanding  Officer 

Naval  Environmental  Prediction  Research 
Facility 

Monterey,  California  93940 

12.  Commander 

Oceanographic  Systems  Pacific 
Box  1390 

Pearl  Harbor,  Hawaii  96S60 

13.  Commanding  Officer 

Naval  Ocean  Research  and  Development 
Activity 
Dr.  Edward  Green 
Code  482 

NSTL  Station,  Mississippi  39529 

14 .  Commander 

Naval  Oceanography  Command 
NSTL  Station,  Mississippi  39529 

15.  Commanding  Officer 

Naval  Oceanographic  Office 
NSTL  Station,  Mississippi  39529 

16.  Dr.  E.  D.  Traganza,  Code  68Tg 
Department  of  Oceanography 
Naval  Postgraduate  School 
Monterey,  California  93940 

17.  Mr.  Jerry  Norton,  Cod#  68 
Department  of  Oceanography 
Naval  Postgraduate  School 
Monterey,  California  93940 

18.  LT  Don  A.  Nestor 

Helicopter  Antisubmarine  Squadron  One 
Naval  Air  Station 
Jacksonville,  Florida  32212 

19.  Mr.  Laurence  Breaker 

National  Environmental  Satellite  Service 

660  Price  Avenue 

Redwood  City,  California  94063 

20.  Mr.  Roland  Nagle 

Naval  Environmental  Prediction  Research 
Facility 

Monterey,  California  93940 

21.  Mr.  Morton  Kronengold 
Institute  for  Acoustical  Research 
615  SW  2nd  Avenue 

Miami,  Florida  33130 


22.  Commander  3 

Area  ASW  Forces  Sixth  Fleet 

LCDR  John  W.  Conrad 

U.S.  Naval  Support  Activity,  Naples 

FPO  New  York  09521 

23.  Mr.  Rolf  J.  Berger,  Code  68  1 

Department  of  Oceanography 

Naval  Postgraduate  School 
Monterey,  California  93940 

24.  LT  Walter  Hanson,  Code  35  1 

Department  of  Oceanography 

Naval  Postgraduate  School 
Monterey,  California  93940 

25.  Ms.  Andrea  McDonald,  Code  61  1 

Department  of  Chemistry 

Naval  Postgraduate  School 
Monterey,  California  93940 

26.  Captain  W.  W.  Reynolds,  Code  35  1 

Department  of  Oceanography 

Naval  Postgraduate  School 
Monterey,  California  93940 

27.  Dr.  Stevens  P.  Tucker,  Code  68Tx  1 

Department  of  Oceanography 

Naval  Postgraduate  School 
Monterey,  California  93940 


114 


